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Steven A. Rosenberg, MD 



In the past two decades significant progress has 
occurred, in the management of patients with muscu- 
loskeletal cancers, that has improved both the survival 
and the quality of life of afflicted patients. Changes in 
the management of these patients have mirrored 
trends in the entire field of oncology. 

The most significant change has been improvement 
in the surgical techniques for the resection of musculo- 
skeletal cancers based on a detailed understanding of 
the anatomic features of each particular tumor site, as 
well as an appreciation of the natural biology that affects 
the local spread of these tumors. The current volume of 
Musculoskeletal Cancer Surgery: Treatment of Sarcomas and 
Allied Diseases provides a detailed description of 
important changes in the surgical approach to these 
patients. Amputation, once the mainstay of treatment 
for patients with bony and soft-tissue extremity 
sarcomas, has now largely been replaced by limb- 
sparing surgery using innovative approaches to cancer 
resection and the advent of new reconstruction tech- 
niques that can restore function in ways not possible 
even a decade ago. Although debilitating amputations 
are still required for some patients with locally extensive 
cancers, most patients with these tumors can look 
forward to surgical procedures that will maximize their 
functional outcome. The sophistication of many of these 
limb-sparing surgical approaches has resulted in a shift 
in the expertise required to perform these procedures 
and, increasingly, specialists in the management of 
musculoskeletal tumors have arisen to provide these 
patients with the benefits of these advances. 

A second change in the management of these 
patients has been the introduction of combined- 
modality treatment utilizing the concerted application 
of surgery, radiation therapy and chemotherapy in a 
carefully integrated fashion to maximize survival and 



quality of life. The use of local radiation therapy has 
had a profound impact on the ability to achieve local 
control. Cooperation between surgeons and radiation 
therapists often results in the tailoring of surgical pro- 
cedures to maximize the combined application of these 
two effective treatment modalities. Although impact on 
overall survival has not been demonstrated due to the 
addition of radiation therapy, important advances in 
improving the quality of life of patients receiving this 
combined-modality treatment have been evident. 

A third change impacting on the survival of patients 
with musculoskeletal cancers has been the aggressive 
resection of metastatic deposits. Surgery remains the 
most effective treatment for adult patients with limited 
metastatic cancer, and durable disease-free and overall 
survival can be achieved by the vigorous resection of 
metastases arising from these cancers. Although the use 
of adjuvant chemotherapy has had dramatic impact on 
the treatment of many musculoskeletal cancers in 
children, the impact of chemotherapy on adults remains 
a controversial issue. Although transient responses can 
be seen in adults with many types of soft-tissue sarco- 
mas, they are very rarely curative and the development 
of more effective systemic treatments for patients with 
soft-tissue sarcomas remains a major challenge in the 
future treatment of patients with this disease. 

The state-of-the-art surgical techniques described in 
this text, applied in the context of integrated cancer 
therapy, can provide great benefit to patients with 
musculoskeletal cancers. 

Chief Surgery Branch, 

National Cancer Institute, 

National Institutes of Health, 

Bethesda, Maryland 
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Preface 



Martin Malawer, MD 



Musculoskeletal cancer surgery has undergone dra- 
matic changes within the past two decades. Limb- 
sparing surgery is the hallmark of the surgical advances 
developed by this specialty. The role of the orthopedic 
oncology surgeon in the 1970s was to perform high- 
level amputations. This is what distinguished the 
orthopedic cancer surgeon from the general orthopedic 
surgeon. The development of limb-sparing surgery, in 
conjunction with the dynamic advances in imaging and 
chemotherapy, created the specialty of musculoskeletal 
oncology. The operative procedures performed today 
barely existed two decades ago. Today, approximately 
90-95% of all bone and soft-tissue sarcomas can be 
treated by limb-sparing surgery. The aim of this book is 
to present in a concise, organized and well-illustrated 
format, the surgical techniques involved with limb- 
sparing procedures of the entire musculoskeletal sys- 
tem, including the upper and lower extremities as well 
as the pelvic and shoulder girdle. These techniques are 
a combination of surgical procedures that used to be 
considered of interest only to the general surgeon, 
vascular surgeon, plastic surgeon and orthopedic 
surgeon. The development of these multiple-treatment 
strategies and techniques has created the field of 
musculoskeletal cancer surgery as we know it today. 

The surgical experience of the two authors, Martin 
Malawer, MD, and Paul H. Sugarbaker, MD, spans 
more than two decades each. The combined experience 
of Dr Malawer, Professor of Orthopedic Surgery at 
George Washington University, Children's National 
Medical Center, and the Washington Cancer Institute 
Division of Orthopedic Oncology, and Dr Sugarbaker, 
who developed several of the techniques described in 
this book while at the National Cancer Institute, 
Bethesda, Maryland, forms the foundation for this 
book. The techniques described in these pages have 
been developed by both authors over the past two 
decades. 

The aim of this textbook is to illustrate well a step-by- 
step approach to limb-sparing procedures of the mus- 
culoskeletal system. These techniques, although not 
unique, are described specifically from the authors' 
experience, which began in the early 1970s and con- 
tinues today. Dr Malawer has extensively reported 



different techniques for limb-sparing resections and 
endoprosthetic reconstructions. The technique of 
allograft replacement was developed in the early 1970s 
and utilized widely until the 1980s. Such techniques are 
not utilized by the authors but are well described 
elsewhere. 

Surgery is a visual field, and the surgeon works in 
three dimensions. Therefore, the majority of the 
contents of this book are accompanied by photographs 
and illustrations of the surgical procedure as well as 
preoperative studies that the authors feel are uniquely 
important. The surgical descriptions, anatomic depic- 
tions, and the significance of each imaging study to 
each operative procedure are emphasized. 

Since the mid-1970s the two authors have provided 
surgical care for approximately 4000 patients with 
benign, malignant and metastatic lesions, in children 
and adults. Detailed files, including operative 
photographs, pathology slides, Kodachrome slides and 
slides of the significant imaging studies for all of the 
major cases have been kept on each operative 
procedure. This collection is housed at the Center for 
Orthopedic Oncology and Musculoskeletal Research at 
the Washington Cancer Institute and is available to 
American and international surgeons and oncologists 
for study and research purposes. 

Despite the complexity of limb-sparing surgical 
procedures and the multiple imaging studies, it was the 
purpose of the authors to present these data in a simple 
visual format. The bibliography is limited in most chap- 
ters, because the techniques described were developed 
by the authors themselves. The general chapters are 
well-referenced with the most up-to-date citations. 

This book contains 36 chapters, divided into four 
sections. It addresses the basic pathology, surgical tech- 
nique and management of all extremity and pelvic and 
shoulder girdle tumors as well as abdominal and 
truncal sarcoma surgery. 

Chapter 1 includes a discussion of bone and soft-tissue 
sarcomas, including their epidemiology, radiographic 
characteristics and pathology. Biopsy techniques are 
discussed in Chapter 2. In Chapter 3, chemotherapy is 
discussed, outlining the chemotherapeutic agents that 
are effective in the treatment of bone and soft-tissue 



x 
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sarcomas. Dr Dennis Priebat details the chemotherapy 
strategy that has evolved over the past 20 years. The 
experience of isolated-limb perfusion, a new technique 
used to treat sarcomas, is described in Chapter 4. Dr 
Brian Fuller, Chief of the Radiation Oncology Branch at 
the National Cancer Institute, in Chapter 5, describes 
the most current and comprehensive strategy for 
radiation therapy for extremity sarcomas. Chapter 6 
discusses the use of cryosurgery in the treatment of 
certain bone tumors. This technique was developed by 
Dr Ralph Marcove at Memorial Sloan Kettering Cancer 
Center and has been continued by the authors. 
Chapters 7 and 8 summarize the management of 
abdominal and pelvic sarcomas. The author, Dr Paul 
Sugarbaker, has uniquely developed many techniques 
over the past 25 years. Chapters 9, 10 and 11 provide 
overviews of the treatment of tumors of the shoulder 
girdle, pelvic girdle and metastatic bone tumors, 
respectively. These chapters lay the foundation for the 
specific limb-sparing procedures in the remaining 
portion of the textbook. 

Section Two describes in detail the techniques for 
muscle group resections of the lower extremity 
including gluteus maximus, adductor muscle group, 
quadriceps muscle group, posterior thigh and popliteal 
space. 

Section Three discusses the surgical amputations 
utilized in orthopedic oncology surgery. These tend to 
be high-level amputations with which orthopedic 
and general surgeons tend not to be familiar. 
Forequarter amputation and the various types of 
hemipelvectomy are described. Dr Sugarbaker devel- 
oped the technique of an anterior myocutaneous flap 
for patients with massively contaminated pelvic and 



buttock structures that cannot be resected by the 
standard posterior flap hemipelvectomy. These opera- 
tive procedures were often deemed difficult and radical, 
but are still used today to cure certain patients who 
cannot be treated by limb- sparing surgeries. Phantom 
pain, a complication following an amputation for 
cancer patients, is discussed in Chapter 24. Due to the 
neuropathic effects of the chemotherapeutic agents, as 
well as the young age of these patients, this problem 
occurs frequently. Dr Lee Ann Rhodes describes 
treatment considerations for phantom limb pain. 

Section Four describes in detail the limb- sparing pro- 
cedures around the pelvis, proximal and distal femur, 
proximal tibia, fibula, proximal humerus and scapula. 
Although these procedures are performed at many 
centers throughout the world today, the techniques, 
morbidity and complications vary tremendously. The 
techniques as described by Dr Malawer, which he has 
perfected over the past 20 years, are presented in detail. 
The required staging studies and unique anatomic 
considerations, from a surgeon's viewpoint, are outlined 
for each anatomic site, with special considerations for 
the evaluation of the imaging studies. 

The Appendix includes two chapters of interest to 
the musculoskeletal surgeon. Appendix A is a descrip- 
tion of an abdominoinguinal incision developed by Dr 
Constantine Karakousis for resection of pelvic tumors. 
This is a combined intra- and extraperitoneal approach. 
Canine osteosarcomas are discussed by Dr Charles 
Kuntz. Osteosarcomas in dogs are extremely common, 
and the techniques and basis of limb- sparing surgical 
techniques in dogs offer an excellent orthopedic animal 
model and are of interest to musculoskeletal cancer 
surgeons. 
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Principles of Management 



1 

Bone and Soft- tissue Sarcomas: 
Epidemiology, Radiology, 
Pathology and Fundamentals of 
Surgical Treatment 

Barry Shmookler, Jacob Bickels, James Jelinek, Paul 
Sugarbaker and Martin Malawer 



OVERVIEW 

An understanding of the basic biology and pathology of bone and soft-tissue tumors is essential for appropriate 
planning of their treatment. This chapter reviews the unique biological behavior of soft-tissue and bone sarcomas, 
which underlies the basis for their staging, resection, and the use of appropriate adjuvant treatment modalities. 
A detailed description of the clinical, radiographic, and pathological characteristics for the most common 
sarcomas is presented. 
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BIOLOGY AND NATURAL HISTORY OF BONE 
AND SOFT-TISSUE TUMORS 

Soft-tissue and bone sarcomas are a rare and hetero- 
geneous group of tumors. Although soft tissues and 
bone comprise 75% of the average body weight, these 
neoplasms represent less than 1% of all adult and 15% 
of pediatric malignancies. The annual incidence in the 
United States, which remains relatively constant, is 
approximately 6000-7000 soft-tissue and 2500 bone 
sarcomas. Because these lesions are so rare, few pathol- 
ogists have sufficient experience to deal comfortably 
with their diagnosis. This is further compounded by 
the steady evolution in the classification of soft-tissue 
and bone tumors, which is based on their biological 
behavior, ultrastructure, and results of immunohisto- 
chemical and cytogenetic studies. 

Risk factors for soft-tissue and bone sarcomas include 
previous radiation therapy, exposure to chemicals (e.g., 
vinyl chloride, arsenic), immunodeficiency, prior injury 
(scars, burns), chronic tissue irritation (foreign-body 
implants, lymphedema), neurofibromatosis, Paget's 
disease, bone infarcts, and genetic cancer syndromes 
(hereditary retinoblastoma, Li-Fraumeni syndrome, 
Gardner's syndrome). In most patients, however, no 
specific etiology can be identified. 

Sarcomas originate primarily from elements of the 
mesodermal embryonic layer. Soft-tissue sarcomas are 
classified according to the adult tissue that they resem- 
ble. Similarly, bone sarcomas are usually classified 
according to the type of matrix production: osteoid- 
producing sarcomas are classified as osteosarcomas, 
and chondroid-producing sarcomas are classified as 
chondrosarcomas. The three most common soft-tissue 
sarcomas are malignant fibrous histiocytoma (MFH), 
liposarcoma, and leiomyosarcoma. These tumors are 
anatomic site-dependent; in the extremities the 
common subtypes are MFH and liposarcoma, whereas 
liposarcomas and leiomyosarcoma are the common 
subtypes in the retroperitoneum and the abdominal 
cavity. The most common bone sarcomas are osteo- 
sarcoma, chondrosarcoma, and Ewing's sarcoma. 

Although soft-tissue sarcomas can arise anywhere in 
the body, the lower extremities are the most common 
site. Incidence is as follows: lower extremities - 46%; 
trunk - 19%; upper extremities - 13%; retroperitoneum 
- 12%; head and neck - 9%; other locations - 1%. The 
presenting symptoms and signs of soft-tissue sarcomas 
are nonspecific; they commonly present as a painless, 
slow-growing mass. Diagnosis of sarcomas involving 
the abdominal and pelvic cavity is subtle; these tumors 
may progress for long periods without causing overt 
symptoms. Their location deep within the body 
precludes palpation of the tumor mass early in the 
course of the disease; consequently, these tumors often 
reach tremendous size prior to diagnosis. 



In the past two decades, survival and the quality of 
life of patients with soft-tissue and bone sarcomas have 
dramatically improved as a result of the multimodality 
treatment approach. Surgery, used in combination with 
chemotherapy and radiation therapy, can achieve cure 
in the majority of patients with soft- tissue and bone 
sarcomas and resection is performed in lieu of 
amputation in more than 90% of all patients. Principles 
of chemotherapy and radiation therapy in the 
treatment of soft-tissue and bone sarcomas are 
discussed in Chapters 3, 4, and 5. 

Biological Behavior 

Tumors arising in bone and soft tissues have charac- 
teristic patterns of biological behavior because of their 
common mesenchymal origin and anatomical environ- 
ment. Those unique patterns form the basis of the staging 
system and current treatment strategies. Histologically, 
sarcomas are graded as low, intermediate, or high 
grade. The grade is based on tumor morphology, extent 
of pleomorphism, atypia, mitosis, and necrosis. It 
represents its biological aggressiveness and correlates 
with the likelihood of metastases. 

Sarcomas form a solid mass that grows centrifugally 
with the periphery of the lesion being the least mature. 
In contradistinction to the true capsule that surrounds 
benign lesions, which is composed of compressed 
normal cells, sarcomas are generally enclosed by a 
reactive zone, or pseudocapsule. This consists of 
compressed tumor cells and a fibrovascular zone of 
reactive tissue with a variable inflammatory 
component that interacts with the surrounding normal 
tissues. The thickness of the reactive zone varies with 
the histogenic type and grade of malignancy. High- 
grade sarcomas have a poorly defined reactive zone 
that may be locally invaded by the tumor (Figure 1.1). 




Figure 1.1 A pseudocapsule of a high-grade soft-tissue sar- 
coma (arrows). It is composed of compressed tumor cells 
and a fibrovascular zone of reactive inflammatory response. 
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In addition, they may break through the pseudo- 
capsule to form metastases, termed "skip metastases", 
within the same anatomical compartment in which the 
lesion is located. By definition, these are locoregional 
micrometastases that have not passed through the 
circulation (Figure 1.2). This phenomenon may be 
responsible for local recurrences that develop in spite of 
apparently negative margins after a resection. 
Although low-grade sarcomas regularly interdigitate 
into the reactive zone, they rarely form tumor skip 
nodules beyond that area. 

Sarcomas respect anatomical borders. Local anatomy 
influences tumor growth by setting natural barriers to 
extension. In general, sarcomas take the path of least 
resistance and initially grow within the anatomical 
compartment in which they arose. In a later stage the 
walls of that compartment are violated (either the 
cortex of a bone or aponeurosis of a muscle), and the 
tumor breaks into a surrounding compartment (Figure 
1.3). Most bone sarcomas are bicompartmental at the 




time of presentation; they destroy the overlying cortex 
and extend directly into the adjacent soft tissues 
(Figures 1.4, 1.5). Soft-tissue sarcomas may arise 
between compartments (extracompartmental) or in an 
anatomical site that is not walled off by anatomical 
barriers such as the intermuscular or subcutaneous 
planes. In the latter case they remain extracompart- 
mental and only in a later stage break into the adjacent 
compartment. Carcinomas, on the other hand, directly 
invade the surrounding tissues, irrespective of 
compartmental borders (Figure 1.6). 




Figure 1.2 High-grade sarcomas may break through the pseudocapsule to form "skip" metastases (arrows) within the same 
anatomical compartment. They are occasionally found with low-grade sarcomas. Skip nodules are tumor foci not in continuity 
with the main tumor mass. (A) Multiple satellite nodules (arrows) associated with a high-grade MFH. Note the normal 
intervening tissue. (B) "Skip" metastases (arrows) from an osteosarcoma of the distal femur. This finding is preoperatively 
documented in less than 5% of patients. 
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Figure 1.3 (A) Sagittal section of a high-grade osteosar- 
coma of the distal femur. The growth plate, although not 
invaded by the tumor in this case, is not considered an 
anatomical barrier to tumor extension. This is probably 
because of the numerous vascular channels that pass 
through the growth plate to the epiphysis. However, the 
articular cartilage is an anatomical barrier to tumor 
extension and very rarely is directly violated by a tumor. (B) 
Coronal section of a high-grade osteosarcoma of the distal 
femur. Although gross involvement of the epiphysis and 
medial cortical breakthrough and soft-tissue extension are 
evident, the articular cartilage is intact. This phenomenon 
allows intra- articular resection of high-grade sarcomas of the 
distal femur in most cases. Thick fascial planes are barriers to 
tumor extension. (C) Axial MRI, showing a high-grade 
leiomyosarcoma of the vastus lateralis and vastus inter- 
medius muscles. The tumor does not penetrate (clockwise) 
the lateral intermuscular septum, adductor compartment, 
and the aponeuroses of the sartorius and rectus femoris 
muscles. 
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Figure 1.4 (A) Ewing's sarcoma of the distal two-thirds of the femur, and (B) osteosarcoma of the proximal tibia. Note the 
extraosseous component of the tumor. Most high-grade bone sarcomas are bicompartmental at the time of presentation (i.e., they 
involve the bone of origin as well as the adjacent soft tissues). Tumors at that extent are staged as IIB tumors (see staging of 
malignant bone tumors: Enneking's classification). 



Joint Involvement 

Direct tumor extension through the articular cartilage is 
rare and usually occurs as the result of a pathological 
fracture with seeding of the joint cavity or by peri- 
capsular extension (Figure 1.7). Occasionally, structures 
that pass through the joint (e.g., the cruciate ligaments) 
act as a conduit for tumor growth (Figures 1.8, 1.9). 
Transcapsular skip nodules are demonstrated in 1% of 
all osteosarcomas. 



Metastatic Pattern 

Unlike carcinomas, bone and soft-tissue sarcomas 
disseminate almost exclusively through the blood. 
Hematogenous spread of extremity sarcomas is mani- 
fested by pulmonary involvement in the early stages 



and by bony involvement in later stages (Figure 1.10). 
Abdominal and pelvic soft-tissue sarcomas, on the 
other hand, typically metastasize to the liver and lungs. 
Low-grade soft-tissue sarcomas have a low (< 15%) 
rate of subsequent metastasis while high-grade lesions 
have a significantly higher (> 15%) rate of metastasis. 
Metastases from sarcomas to regional lymph nodes are 
infrequent; the condition is observed in only 13% of 
patients with soft- tissue sarcomas and 7% of bone 
sarcomas at initial presentation. The prognosis 
associated with such an event is similar to that of 
distant metastasis. 

Most patients with high-grade primary bone 
sarcomas, unlike soft-tissue sarcomas, have distant 
micrometastases at presentation; an estimated 80% of 
patients with osteosarcomas have micrometastatic lung 
disease at the time of diagnosis. For that reason, in most 
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Figure 1.5 Biologic behavior of bone and soft-tissue 
sarcomas. Unique features are formation of reactive zone, 
intracompartmental growth, and, rarely, the presence of 
skip metastases. (Clin Orthop 1999 Nov; (368): 212-9) 



cases, cure of a high-grade primary bone sarcoma can 
be achieved only with systemic chemotherapy and 
surgery. As mentioned, high-grade soft-tissue sarcomas 
have a smaller metastatic potential. Because of that 
difference in metastatic capability the role of chemo- 
therapy in the treatment of soft-tissue sarcomas and its 
impact on survival are still a matter of controversy. 



STAGING OF MUSCULOSKELETAL TUMORS 

Staging is the process of classifying a tumor, especially 
a malignant tumor, with respect to its degree of 
differentiation, as well as its local and distant extent, in 
order to plan the treatment and estimate the prognosis. 
Staging allows the surgeon to determine the type and 
the extent of the operation that is necessary for a 
specific type of tumor in a particular anatomical 
location, as well as the indication for neoadjuvant 
treatment modalities. Staging of a musculoskeletal 
tumor is based on the findings of the physical 
examination and the results of imaging studies. Biopsy 
and histopathological evaluation are essential com- 
ponents of staging, but should always be the final step. 
The concept and practice of biopsy of musculoskeletal 
tumors are discussed in Chapter 2. 

Plain radiographs remain the key imaging modality 
in the evaluation of bone tumors. Based on medical 
history, physical examination, and plain radiographs, 
accurate diagnosis of bone tumors can be made in more 
than 80% of cases. Because of the fine trabecular detail 
revealed by plain radiographs, bone lesions of the 
extremities can be detected at a very early stage; lesions 
of the spine and pelvis, by contrast, are not diagnosed 
until a large volume of bone has been destroyed. Once 
a bone lesion is found, computerized tomography (CT) 
is the imaging modality of choice to evaluate the extent 
of bone destruction. Magnetic resonance imaging 
(MRI) has been proven to be superior to CT in the 
evaluation of the intramedullary and extraosseous, 
extent of bone tumors (Figure 1.11). 

In their early stages, soft-tissue tumors are hard to 
detect due to the lack of bone involvement. 
Occasionally, distortion of fat planes in plain radio- 
graphs implies the presence of a soft-tissue mass. 

CT should be performed on a helical scanner that 
enables improved two-dimensional images and three- 
dimensional reconstruction capability. The field of view 
should be small enough to allow adequate resolution, 
particularly of the lesion and the adjacent neuro- 
vascular bundle and muscle groups. The slice thickness 
should be designed in order to allow at least 10-15 
slices through the tumor. Intravenous contrast dye 
should be employed in the evaluation of soft-tissue 
tumors unless a clear contraindication for its use exists. 
On the other hand, contrast dye is of little value in the 
evaluation of bone tumors. 

MRI is a valuable tool in the evaluation of soft-tissue 
tumors and of the medullary and soft-tissue com- 
ponents of bone tumors. The signal intensity of a tumor 
is assessed by comparing it with that of the adjacent 
soft tissues, specifically skeletal muscle and subcu- 
taneous fat. MRI also enables one to view a lesion in all 
three planes (axial, sagittal, and coronal). Contrast- 
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Figure 1.6 (A) Axial MRI, showing metastatic bladder carcinoma to the posterior thigh. (B) Plain radiograph of the proximal 
femur revealed direct invasion through the cortical bone with a pathological fracture of the lesser trochanter (arrows). (Q In 
surgery, exploration of the sciatic nerve revealed direct tumor involvement with extension under the epineural sheath. 



enhanced MRI is useful in evaluating the relationship 
of a tumor to the adjacent blood vessels and in charac- 
terizing cystic lesions. The presence of orthopedic 
hardware or surgical clips is not a contraindication to 
the performance of MRI; however, if a lesion is 
immediately adjacent to the location of the hardware, 
the local field may be distorted. 

Although the purpose of MRI is to evaluate the 
anatomical extent of a lesion, it also can accurately diag- 
nose a variety of soft-tissue tumors, including lipomas, 
liposarcomas, synovial cysts, pigmented villonodular 
synovitis, hemangiomas, and fibromatoses. 
Hematomas frequently have a characteristic appear- 
ance in MRI; however, high-grade sarcomas that have 
undergone significant intratumoral hemorrhage may 
resemble hematomas. For this reason the diagnosis of a 
simple hematoma should be made cautiously and, once 
it is made, close clinical monitoring must be made until 
the condition has been resolved. The general guidelines 



regarding narrowing of the field and recommended 
number of slices per tumor are similar to those of CT. 

Bone scintigraphy was traditionally used to assess 
the medullary extension of a primary bone sarcoma. As 
a rule the bone was cut approximately 6 cm proximal to 
the margin of the increased uptake. MRI allows more 
accurate determination of the medullary tumor extent; 
as a result, safer resections in narrower margins can be 
performed. Bone scan is currently used to determine 
the presence of metastatic and polystotic bone disease 
and the involvement of a bone by an adjacent soft- 
tissue sarcoma. In addition, the appearance of a bone 
lesion in the flow and pool phases of a three-phase 
bone scan reflects its biological activity and may be 
helpful in its diagnosis. It is also used as an indirect 
means of evaluating tumor response to chemotherapy. 

Angiography is essential prior to surgery because 
vascular displacement is common in tumors that have a 
large extraosseous component. Blood vessels are likely 
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Figure 1.7 Pericapsular extension of an osteosarcoma of the 
proximal humerus (arrows). 





Figure 1.9 The five major mechanisms of joint involve- 
ment by a bone sarcoma. The most common mechanisms 
are pathologic fracture and pericapsular extension. (Cancer: 
Principles & Practice of Oncology. 6th Edition, 2001; 39.2: 
1891-1935) 

to be distorted or, less commonly, directly incorporated 
to the tumor mass. Angiography provides information 
that helps the surgeon plan the anatomical approach 
and gauge the likelihood that a major blood vessel has 
to be resected en-bloc with the tumor. It can also detect 
vascular anomalies (Figure 1.12) and establish patency 
of collateral vessels. Proximal femur resection, for 
example, frequently necessitates ligation of the profun- 
dus femoral artery (PFA). A patent superficial femoral 
artery (SFA) must be documented by angiography prior 
to surgery, otherwise the extremity will suffer severe 
ischemia following ligation of the PFA. Preoperative 
embolization may be useful in preparation for resection 
of metastatic vascular carcinomas if an intralesional 
procedure is anticipated. Metastatic hypernephroma is 
an extreme example of a vascular lesion that may bleed 
extensively and cause exsanguination upon the execu- 
tion of an intralesional procedure without prior 
embolization. 

Intra-arterial administration of chemotherapy allows 
the use of another type of information that can be 
obtained from angiographs; reduction in tumor 
vascularity. As revealed by serial angiographs, such 
reduction was shown to be indicative of good response 
to preoperative chemotherapy. Figure 1.13 summarizes 
the use of the various imaging modalities in the staging 
process of a primary bone sarcoma. 



Figure 1.8 Extension of an osteosarcoma of the distal 
femur to the knee joint along the cruciate ligaments (arrow 
points to tumor); the articular cartilage is intact. Knee joint 
extension of a high-grade sarcoma of the distal femur is a 
rare event, necessitating extra-articular resection (i.e., en- 
bloc resection of the distal femur, knee joint, and a 
component of the proximal tibia), as shown in this figure. 



There is no single universally accepted staging system 
for soft-tissue and bone sarcomas. Some systems are 
valuable in the determination of the operative strategy, 
whereas others may be more useful in the estimation of 
the prognosis. An important variable in any staging 
system for musculoskeletal tumors, unlike a staging 
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Figure 1.10 Lateral plain radiograph of the lumbar spine, 
showing metastatic high-grade osteosarcoma to the body of 
L3 vertebra (arrow). 

system for carcinomas, is the grade of the tumor. The 
system that is most commonly used for the staging of 
soft-tissue sarcomas is that of the American Joint 
Committee on Cancer (Table 1.1). 1 It is based primarily 
on the Memorial-Sloan Kettering staging system and 
does not apply to rhabdomyosarcoma. Critics of this 
system point out that it is based largely on single- 
institution studies that were not subjected to multi- 
institutional tests of validity. The Musculoskeletal 
Tumor Society adopted staging systems that were 



originally described by Enneking etal ., 2,3 for malignant 
soft-tissue and bone tumors (Table 1.2), and the 
American Joint Committee on Cancer developed, with 
few changes, a staging system for malignant bone 
tumors (Table 1.3). 4 

Enneking 's classical staging system is based on three 
factors: histological grade (G), site (T), and the presence 
or absence of metastases (M). The anatomical site (T) 
may be either intracompartmental (A) or extracompart- 
mental (B). This information is obtained preoperatively 
on the basis of the data gained from the various 
imaging modalities. A tumor is classified as 
intracompartmental if it is bounded by natural barriers 
to extension, such as bone, fascia, synovial tissue, 
periosteum, or cartilage. An extracompartmental tumor 
may be either a tumor that violated the borders of the 
compartment from which it originated, or a tumor that 
originated and remained in the extracompartmental 
space. A tumor is assigned to stage III (Ml) if a 
metastasis is present at a distant site or in a regional 
lymph node. It should be emphasized that Enneking 's 
classification system is based on clinical data from an 
era in which chemotherapy was not given 
preoperatively and compartmental resections were 
much more common. Therefore, there was a clear 
correlation between the extent of the tumor at 
presentation, its relation to the boundaries of the 
compartment in which it is located, and the extent of 
surgery. A close correlation was also found between 
surgical stage of bone sarcoma and patient survival 
(Figure 1.14). Since that time the use of neoadjuvant 
chemotherapy was shown to decrease tumor size and 
facilitate limb-sparing surgery, as well as reduce the 
local recurrence rate. As a result, compartmental 
resections became rare. Nonetheless, Enneking 's 
classification is based on the biological behavior of soft- 
tissue and bone sarcomas, and its underlying concept is 
as relevant as it was in the early 1980s. 

Enneking also described a staging system of benign 
bone tumors, which remains the one that is most 
commonly used (Table 1.4). 2 That system is based on the 
biological behavior of these tumors as suggested by 
their clinical manifestation and radiological findings. 
Benign bone tumors grow in a centrifugal fashion, as 
do their malignant counterparts, and a rim of reactive 
bone is typically formed as a response of the host bone 
to the tumor. The extent of that reactive rim reflects the 
rate at which the tumor is growing; it is usually thick 
and well-defined around slowly growing tumors, and 
barely detectable around fast-growing, aggressive 
tumors. 

Latent benign bone tumors are classified as stage 1. 
Such tumors are usually asymptomatic and are 
commonly discovered as an incidental radiographic 
finding. Their natural history is to grow slowly during 
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Figure 1.11 Primary lymphoma of the distal femur. Plain 
radiographs, (A) anteroposterior and (B) lateral views, 
suggest cortical integrity. This is confirmed by (Q axial CT 
and (D) MRI, T2-weighted image, which demonstrates the 
intraosseous extent of the tumor. 
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Figure 1.12 Extensive giant-cell tumor of the proximal 
tibia. Angiography was performed prior to a proximal tibia 
resection. It documented an absent peroneal artery. A 
successful effort was made to preserve the anterior tibial 
artery during the resection; otherwise, the leg would have 
been dependent on a single vessel. 



normal growth of the individual and then to stop and, 
in most cases, heal spontaneously. These lesions never 
become malignant and usually heal following simple 
curettage. Examples include fibrous cortical defects and 
nonossifying fibromas (Figure 1.15). Active benign 
bone tumors are classified as stage 2 lesions. These 
tumors grow progressively but do not violate natural 
barriers. Associated symptoms may occur. Curettage 
and burr drilling are curative in most cases (Figure 
1.16). Aggressive benign bone tumors (stage 3) may 
cause destruction of surrounding bone and usually 
break through the cortex into the surrounding soft 
tissues. Local control can be achieved only by curettage 
and meticulous burr drilling with a local adjuvant such 
as liquid nitrogen, or by resection of the lesion with 
a margin of normal tissue (i.e., wide resection) 
(Figure 1.17). 

CLASSIFICATION OF SURGICAL PROCEDURES 

There are four basic types of excisions; each is based on 
the relationship of the dissection plane to the tumor 
and its pseudocapsule. An intralesional excision is 
performed within the tumor mass and results in 
removal of only a portion of it; the pseudocapsule and 
macroscopic tumor are left behind. In a marginal 
excision, the dissection plane passes through the 
pseudocapsule of the tumor. Such a resection may leave 
microscopic disease. Wide (en-bloc) excision entails 
removal of the tumor, its pseudocapsule, and a cuff of 
normal tissue peripheral to the tumor in all directions. 
This is the desired margin for sarcoma resection; 
however, the adequate thickness of the normal tissue 
cuff is a matter of controversy. For both soft-tissue and 



Table 11 System of the American Joint Committee on Cancer for the staging of soft-tissue sarcomas 1 



Stage a 


Grade b 


Primary tumor c 


Metastasis in regional lymph nodes d 


Distant metastasis e 


IA 


Gi or G 2 


Tia or Ti b 


No 


Mo 


IB 


Gi or G 2 


T 2a 


N 0 


M 0 


IIA 


Gi or G 2 


T 2b 


No 


M 0 


IIB 


G 3 or G 4 


^ia or Tib 


No 


Mo 


nc 


G 3 or G 4 


T 2a 


No 


M 0 


hi 


G 3 or G 4 


T 2b 


No 


M 0 


IV 


Any G 


Any T 


N 0 or Ni 


Mi 



a IA = Low-grade, small, and superficial or deep; IB = low-grade, large, and superficial; IIA = low-grade, large 
and deep; IIB = high-grade, small, and superficial or deep; IIC = high grade, large, and superficial; III = high- 
grade, large, and deep; IV = any with metastasis. 

b Gi = Well differentiated; G 2 = moderately well differentiated; G 3 = poorly differentiated; G 4 = undifferentiated. 

c Ti = Tumor is < 5 cm in greatest dimension; T la = Ti tumor is superficial (lesion does not involve the superficial 

fascia); T lb = Ti tumor is deep (lesion is deep to or invades the superficial fascia; that is, all intraperitoneal visceral 

lesions or lesions that invade major vessels or that are located in the thorax, head, or neck); T 2 = tumor that is 

>5 cm in greatest dimension; T 2a = T 2 tumor is superficial; T 2b = T 2 tumor is deep. 

d N 0 = No metastasis in regional lymph nodes; Ni = metastasis in regional lymph nodes. 

e M 0 = No distant metastasis; Mi = distant metastasis. 
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A. MAGNETIC RESONANCE 
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B. ANGIOGRAPHY 
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C. COMPUTERIZED AXIAL 
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Figure 1.13 Relationship of the various imaging modalities to the different components of a bone sarcoma. Plain radiographs assess 
bony involvement and cortical breakdown. CT determines the exact extent of bone destruction and MRI determines the medullary 
and extraosseous components of the tumor. Bone scan evaluates the cortical and intraosseous extents of the tumor, as well as the 
presence of metastatic bone disease. Angiography reveals the anatomic relation of the tumor to the major blood vessels. (Cancer: 
Principles & Practice of Oncology. 5th Edition, 1997; 38.3:1789-1852) 




Figure 1.44 Survival by Enneking's surgical stage of 219 
patients with primary bone sarcoma. (Cancer: Principles & 
Practice of Oncology. 5th Edition, 1997; 38.3: 1789-1852) 



Table 1.2 System of Enneking et al. 2 ' 3 for staging of soft- 
tissue and bone sarcomas 



Stage 


Grade a 


Site b 


Metastasis c 


IA 


Gi 


Ti 


M 0 

M 0 

M 0 

M 0 


IB 


Gi 


t 2 


IIA 


g 2 


Ti 


IIB 


g 2 


t 2 


III 


G 1 or G 2 


Tj orT 2 





a Gi = Low grade; G 2 = high grade. 

b Ti = Intracompartmental; T 2 = extracompartmental. 

C M 0 = No regional or distant metastasis; M = regional or distal 
metastasis. (Cancer: Principles & Practice of Oncology. 6th Edition, 
2001; 39.2: 1891-1935) 
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Figure 1.15 Nonossifying fibroma (NOF) of the distal 
femur (arrow). As in most cases of NOF, the lesion was 
asymptomatic and the plain radiographs were ordered 
because of a trauma to the knee. 



Figure 1.16 (see above right and bottom right) Aneurysmal 
bone cyst of the distal tibia as seen by plain radiographs, (A) 
anteroposterior and (B) lateral views. 
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Table 1.3 System of the American Joint Committee on Cancer for the staging of sarcomas of bone 4 



Stage 


Grade a 


Primary tumor b 


Metastasis in regional lymph nodes c 


Distant metastasis d 


IA 


Gi °r G 2 


T, 


No 


M 0 


IB 


Gi or G 2 


t 2 


No 


M 0 


IIA 


G 3 or G 4 


T, 


No 


M 0 


IIB 


G 3 or G 4 


t 2 


No 


M 0 


III 


Not defined 








IV A 


Any G 


Any T 


Ni 


M 0 


IVB 


Any G 


Any T 


Any N 


Mi 



a Gi = Well differentiated; G 2 = moderately differentiated; G 3 = poorly differentiated; G 4 = undifferentiated. 

Ewing's sarcoma and malignant lymphoma are graded as G 4 . 

b Ti = Tumor confined within the cortex; T 2 = tumor extends beyond the cortex. 

C N 0 = No metastasis in regional lymph nodes; Ni = metastasis in regional lymph nodes. 
d M 0 = No distant metastasis; Mi = distant metastasis. 

Table 1.4 Enneking's system for the staging of benign bone tumors 2 



Stage Definition 



Typical example 

Biological behavior Soft-tissue tumor Bone tumor 



1 

2 

3 



Latent Remains static or heals spontaneously 

Active Progressive growth, limited by natural barriers 

Aggressive Progressive growth, invasive, not limited 
by natural barriers 



Lipoma Nonossifying fibroma 

Angiolipoma Aneurysmal bone cyst 

Aggressive fibromatosis Giant-cell tumor 




Figure 1.17 Plain radiographs, (A) anteroposterior and (B) lateral views of benign giant-cell tumor of the proximal tibia. The 
tumor was neglected for 18 months and necessitated proximal tibia resection and reconstruction with endoprosthesis. 
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bone sarcomas, it is generally believed to be a few 
centimeters. 

Radical excision involves removal of the tumor and 
the entire anatomical compartment within which it is 
located (Figures 1.18, 1.19). Although traditionally 
mentioned as the fourth excision type, it does not define 
the component of the tumor that is left behind. In other 
words, a radical excision can achieve a marginal or a 
wide margin, depending on how close the tumor is to 
the border of the compartment. However, radical 
excision excludes the possibility of skip metastases. 

In general, benign bone tumors are adequately 
treated by either an intralesional procedure (curettage 
and burr drilling, cryosurgery) or by marginal excision. 
Primary bone sarcomas are treated with wide excision. 
Metastatic tumors are treated according to the general 
intent of the surgery. When a palliative surgery is 
performed, metastatic lesions are treated by an 



intralesional procedure. If a curative procedure is 
performed, as in the case of solitary breast metastasis, 
for example, the lesion is treated as if it was a primary 
bone sarcoma (i.e., wide excision). It is important to 
emphasize that any of these excision types may be 
accomplished by a limb-sparing procedure or by ampu- 
tation. An amputation is not necessarily an adequate 
cancer operation, but it is a method of achieving a 
specific margin. It may entail a marginal, wide, or radi- 
cal excision, depending upon the plane in which it passes. 
Staging studies are used to assess local tumor extent 
and relevant local anatomy, and thereby determine 
how a desired surgical margin may be achieved. 

SOFT-TISSUE SARCOMAS 

Soft-tissue sarcomas are a heterogeneous group of rare 
tumors that arise from the supporting extraskeletal 








excision 




Figure 1.18 Various excision types for soft-tissue sarcoma. 



Figure 1.19 Various excision types for bone sarcoma. 
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tissues (i.e., muscle, fascia, nerve, connective, fibrous, 
and fatty tissues). Although they share biological 
characteristics, and are treated in a similar fashion, each 
of the various soft-tissue sarcomas has a unique mor- 
phology, biological behavior, and prognosis. Pathologic 
grading is at times difficult. In general, the extent of 
pleomorphism, atypia, mitosis, and necrosis correlates 
with the grade of malignancy. Notable exceptions are 
synovial sarcomas, which tend to behave like high- 
grade lesions even in the absence of histopathological 
high-grade characteristics. The exact histogenesis often 
cannot be accurately defined, although the grade can 
be determined. 



can assist in the accurate diagnosis of a significant 
percentage of these tumors. The basic neoplastic 
cellular constituents of all fibrohistiocytic tumors 
include fibroblasts, histiocyte-like cells, and primitive 
mesenchymal cells (Figure 1.21). In addition, there is 
usually an acute and a chronic inflammatory cell 
component. The proportion of these malignant and 
reactive cell elements, the degree of pleomorphism of 
the neoplastic cells, and the predominant pattern 
accounts for the wide histologic variances. 

The most common histologic pattern associated with 
MFH is a storiform arrangement of the tumor cells. This 
is characterized by fascicles of spindle cells that 



Pathologic Characteristics of Specific Soft-tissue 
Sarcomas 

Malignant Fibrous Histiocytoma 

Malignant fibrous histiocytoma (MFH) is the most 
common soft-tissue sarcoma in adults. It most 
commonly affects the lower extremity and has a 
predilection for originating in deep-seated skeletal 
muscles. The tumor usually presents as a multinodular 
mass with well-circumscribed or ill-defined infiltrative 
borders. The size at the time of diagnosis often 
correlates with the ease of clinical detection: superficial 
variants, presenting as dermal or subcutaneous masses, 
may be only a few centimeters in diameter, whereas 
those arising in the retroperitoneum often attain a 
diameter of 15 cm or greater. Color and consistency 
vary considerably and reflect, in part, the cellular 
composition. Red-brown areas of hemorrhage and 
necrosis are not uncommon (Figure 1.20). 

The myxoid variant of MFH contains a predomi- 
nance of white-gray, soft, mucoid tumor lobules, 
created by the high content of myxoid ground sub- 
stance. Approximately 5% of MFHs undergo extensive 
hemorrhagic cystification, often leading to a clinical 
and radiologic diagnosis of hematoma. A needle biopsy 
can result in a benign diagnosis if only the hemorrhagic 
center of the tumor is sampled. For these reasons, until 
proven otherwise, one should assume that an 
underlying soft-tissue sarcoma is present in any adult 
patient with a deep-seated hematoma that does not 
resolve after a few weeks, even when there is a history 
of trauma to that site. 

The currently accepted broad histologic spectrum of 
MFH encompasses many variants that were formerly 
considered to be distinct clinicopathologic entities. 
These lesions, which had been named according to the 
predominant cell type, include fibroxanthoma, 
malignant fibroxanthoma, inflammatory fibrous 
histiocytoma, and giant cell tumor of soft part. 
Immunohistochemical studies and electron microscopy 




Figure 1.20 Deep-seated malignant fibrous histiocytoma 
(MFH) presents as a soft, white-tan mass, often with areas of 
hemorrhage and necrosis. Occasionally, cysts and 
hematoma-like changes are present. 




Figure 1.21 MFH, a high-grade sarcoma, is characterized by 
pleomorphic spindle cells forming fascicular or typical 
storiform patterns. Bizarre tumor giant cells are interspersed 
throughout the mass. Atypical mitotic figures are frequently 
seen. 
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intersect to form a pinwheel or cartwheel pattern 
(Figure 1.21). Atypical and bizarre giant cells, often 
containing abnormal mitotic figures, may occur. The 
histologic grade (almost always intermediate to high) is 
a good prognosticator of metastatic disease. In the 
myxoid variant, the second most common histologic 
type, the tumor cells are dispersed in a richly myxoid 
matrix (Figure 1.22). The less common giant cell type 
(malignant giant cell tumor of soft parts) is 
characterized by abundant osteoclast-like giant cells 
that are diffusely distributed among the malignant 
fibrohistiocytic elements. Myxoid MFH has a more 
favorable prognosis than other subtypes. 



Liposarcoma 

Liposarcoma is the second most common soft-tissue 
sarcoma in adults. It has a wide range of malignant 
potential that correlates well with the histologic 
classification of the individual tumor. The lower 
extremity is the most common site and accounts for 
greater than 40% of the cases. These tumors, partic- 
ularly those arising in the retroperitoneum, can attain 
enormous size; specimens measuring 10-15 cm and 
weighing greater than 5 kg are not uncommon (Figure 
1.23). Liposarcomas tend to be well circumscribed and 
multilobulated. Gross features usually correlate with 
the histologic composition. Well-differentiated liposar- 
comas contain variable proportions of relatively mature 
fat and fibrocollagenous tissues, vary from yellow to 
white-gray and can be soft, firm, or rubbery. A tumor 
that is soft, pink-tan, and reveals a mucinous surface is 




Figure 1.22 The myxoid variant of MFH discloses copious 
mucinous-like interstitial substance that consists predomi- 
nantly of hyaluronic acid. The cellular components can be 
widely dispersed, imparting a deceptively bland appear- 
ance, particularly on a needle-biopsy specimen. Thorough 
sampling of the tumor usually discloses more diagnostic 
features. 



probably a myxoid liposarcoma, which is the most 
common histologic type. The high-grade liposarcomas 
(round cell and pleomorphic) vary from pink-tan to 
brown and may disclose extensive hemorrhage and 
necrosis. 

Identification of typical lipoblasts is mandatory to 
establish the diagnosis of liposarcoma. This diagnostic 
cell contains one or more round, cytoplasmic fat 
droplets that form sharp, scalloped indentations on the 
central or peripheral nucleus. Well-differentiated 
liposarcomas often contain a predominance of mature 
fat cells and only a few, widely scattered lipoblasts. 
Inadequate sampling can therefore lead to a misdi- 
agnosis of a benign lipoma (Figure 1.24). Well- 
differentiated liposarcomas that arise in the superficial 
soft tissues have been called "atypical lipomas." In the 
sclerosing variant of a well-differentiated liposarcoma, 
delicate collagen fibrils that encircle fat cells and 
lipoblasts comprise a prominent part of the matrix 




Figure 1.23 Large, low-grade liposarcoma of the posterior 
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Figure 1.24 The diagnosis of a well-differentiated 
liposarcoma depends on the identification of characteristic 
lipoblasts. These cells can be mono- or multivacuolated with 
hyperchromatic, scalloped nuclei. This variant can closely 
mimic ordinary lipoma. 
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(Figure 1.25). In rare cases, well-differentiated liposar- 
comas, usually after multiple local recurrences, 
transform into a high-grade spindle-cell sarcoma, often 
with MFH-like features ("dedifferentiated liposar- 
coma"). This change imparts a high risk of metastases. 

A diagnosis of myxoid liposarcoma requires the 
observation of a delicate plexiform capillary network 
associated with both primitive mesenchyme-like cells 
and a variable number of lipoblasts (Figure 1.26). The 
stroma contains a high proportion of myxoid ground 
substance that may form numerous microcysts. In 
round-cell liposarcomas, the lipoblasts are interspersed 
within sheets of poorly differentiated round cells 
(Figure 1.27). There is convincing evidence that myxoid 
and round-cell liposarcomas are the divergent ends of 
a continuous spectrum of the same neoplasm. This is 
supported by the fact that both tumors have the same 




Figure 1.25 The sclerosing variant of well-differentiated 
liposarcoma contains a background of coarse wavy collagen 
fibers. The lipoblasts are dispersed among these fibers. 




* rt * . f* ^ # 1 — 

t: v 



Figure 1.26 Lipoblasts associated with a plexiform capillary 
network in a diffusely myxoid stroma define the myxoid 
liposarcoma. Cyst-like areas are occasionally present. 



chromosomal translocation. Finally, pleomorphic 
liposarcoma discloses a mixture of bizarre, often 
multivacuolated, lipoblasts and atypical stromal cells, 
many of which contain abnormal mitotic figures 
(Figure 1.28). Areas of necrosis and hemorrhage are 
common. The presence of lipoblasts distinguishes this 
high-grade sarcoma from MFH and other pleomorphic 
sarcomas. 

Unlike other soft-tissue sarcomas, liposarcomas may 
be multiple and occur in unusual sites in the same 
individual. Therefore, careful evaluation of other 
masses in a patient with a liposarcoma is mandatory. 
Accurate determination of the morphologic subtype 
and its grade is essential. Low-grade liposarcomas are 
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Figure 1.27 Sheets of round blue cells with clear to 
eosinophilic cytoplasm are typical of round-cell liposarcoma, 
a high-grade neoplasm. It has the identical chromosomal 
abnormality found in myxoid liposarcoma, evidence that 
these are morphologic variants of the same tumor. 
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Figure 1.28 The pleomorphic liposarcoma is another high- 
grade form of lipomatous malignancy. It is characterized by 
numerous large, bizarre lipoblasts, abnormal mitotic figures, 
and necrosis. Many of its features overlap with malignant 
fibrous histiocytoma. 
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treated with wide excision and adjuvant radiation ther- 
apy is recommended only if marginal margins were 
achieved. The authors treat high-grade liposarcomas as 
any other high-grade soft-tissue sarcoma; neoadjuvant 
chemotherapy, wide excision, and adjuvant chemo- 
therapy. Radiation therapy is indicated if wide margins 
were not achieved. The role of chemotherapy and 
radiation therapy in the treatment of soft tissue is 
discussed in Chapters 3 and 5, respectively. 



Fibrosarcoma 

Fibrosarcoma used to be considered the most common 
soft-tissue sarcoma. Following the histopathologic defi- 
nition of MFH as a distinct entity and the subsequent 
assignment of "pleomorphic fibrosarcoma" to that 
category, fibrosarcoma has become uncommon. Fibro- 
sarcomas usually arise from the fascial and aponeurotic 
structures of the deep soft tissues. Superficial variants 
are rare. Relatively small tumors present as firm, 
gray-white, partially to completely circumscribed 
masses (Figure 1.29). As these lesions enlarge, a more 
diffusely infiltrative pattern predominates. 

The fundamental cell of this neoplasm is the 
fibroblast, which is a spindle cell capable of producing 
collagen fibers. The collagen matrix, appearing as 
birefringent wavy fibers, can be easily recognized in the 
more differentiated fibrosarcomas (Figure 1.30). Its 
presence can be confirmed with the application of 
Masson trichrome stain. Well-differentiated fibrosar- 
coma is characterized by intersecting fascicles of 
relatively uniform spindle cells showing minimal 
atypical features and sparse mitotic figures. The 
fascicles often intersect at acute angles to form the 
typical herringbone pattern. Differentiating low-grade 




Figure 1.29 The gross appearance of a well-differentiated 
fibrosarcoma is that of a white-gray whorled nodules. It has 
a firm rubbery consistency. 



fibrosarcomas from fibromatosis and its variants may 
be difficult. In contrast, poorly differentiated 
fibrosarcoma reveals a barely discernible fascicular 
arrangement. The smaller cells show significant 
pleomorphism, nuclear atypia, and often have a high 
mitotic rate. Necrosis and hemorrhage commonly 
occur in high-grade fibrosarcomas. In this situation, 
particularly in the presence of pleomorphic tumor cells, 
distinguishing fibrosarcoma from MFH is exceedingly 
difficult. 



Synovial Sarcoma 

Synovial sarcoma ranks as the fourth most common 
soft-tissue sarcoma. In spite of its name, this tumor 
rarely arises directly from a joint but rather arises in 
proximity to it with a propensity for the distal portion 
of the extremities. Synovial sarcomas occur in a 
younger age group than do most other sarcomas: most 
patients are below the age of 40. The tumor typically 
presents as a deep-seated, well-circumscribed, multi- 
nodular, firm mass. Contiguity with a synovium-lined 
space is rare and, occasionally, lymphatic spread occurs. 
Unlike most soft-tissue sarcomas, synovial sarcomas 
may be present as a painless mass for a few years. Plain 
radiographs often show small calcifications within the 
mass. That finding should alert the physician to the 
diagnosis. 

Virtually all synovial sarcomas are high-grade. The 
poorly differentiated neoplasms usually present as ill- 
defined, infiltrative lesions with a soft, somewhat 
gelatinous consistency. The classic histologic presenta- 
tion of this tumor is a biphasic pattern. This implies the 
presence of coexisting but distinct cell populations, 
namely, spindle cells and epithelioid cells (Figure 1.31). 




Figure 1.30 Low-grade fibrosarcoma is composed of 
slender, relatively uniform spindle cells forming elongated 
fascicles. These nodules often intersect at acute angles 
forming the typical herringbone pattern. 
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The plump spindle cells, usually the predominant 
component, form an interlacing fascicular pattern that 
is reminiscent of fibrosarcoma. Within the spindle-cell 
portion of the tumor, areas resembling the acutely 
branching vascular pattern of hemangiopericytoma are 
common. The arrangement of epithelioid cells varies 
from merely solid nests to distinct, gland-like structures 
(Figure 1.32). When comprising glandular spaces the 
constituent cells range from cuboidal to tall columnar; 
rarely do they undergo squamous metaplasia. The 
application of histochemical stains demonstrates that 
the glandular lamina contain epithelial-type acid 
mucins. The neoplasm may contain extensive areas of 
dense stromal hyalinization, and focal calcification is 
common. The presence of extensive areas of calci- 
fication, sometimes with modulation to benign osteoid, 
deserves recognition because this rare variant imparts a 
significantly more favorable prognosis than other 
forms of synovial sarcoma. The existence of a mono- 
phasic spindle cell synovial sarcoma has been recognized, 
although distinguishing it from fibrosarcoma can be 
difficult. In contrast to fibrosarcoma, the spindle cell 
variant of synovial sarcoma may contain cytokeratins, 
as demonstrated with immunohistochemical studies. 

PATHOLOGIC CHARACTERISTICS OF SPECIFIC 
PRIMARY BONE SARCOMAS 

Osteosarcoma 

Osteosarcoma is the most common primary bone 
sarcoma. Its distinguishing characteristic is the produc- 
tion of "tumor" osteoid or immature bone matrix. 
Osteosarcoma typically occurs during childhood and 




Figure 1.31 Synovial sarcoma is characterized by a 
distinctive biphasic pattern. This implies an admixture of 
spindle-cell areas along with epithelioid cells forming gland- 
like structures. The proportion of these two components is 
variable. 



adolescence. In patients over the age of 40 it is usually 
associated with a pre-existent condition such as Paget's 
disease or irradiated bone. Between 80% and 90% of 
the tumors occur in the metaphysis of long bone with 
the most common sites being the distal femur, proximal 
tibia, and proximal humerus. Pain, accompanied by a 
tender, soft tissue swelling, is the most common 
complaint. 

The classical radiologic appearance is a destructive 
tumor with increased intramedullary radiodensity, an 
area of radiolucency, and a pattern of permeative 
invasion of the surrounding bone with poorly defined 
borders, cortical destruction, periostealelevation, extra- 
osseous extension, and soft-tissue calcification. On the 
basis of radiological presentation, osteosarcomas are 
classified into three broad categories: sclerotic osteo- 
sarcomas (30%), osteolytic osteosarcomas (25%), and 
mixed pattern (45%) (Figure 1.33). The differential 
diagnosis of this tumor includes giant-cell tumor, 
aneurysmal bone cyst, fibrosarcoma, and MFH of bone. 
Errors in diagnosis most often occur with pure 
osteolytic Osteosarcoma. 

As the neoplasm permeates the cortex, the 
periosteum may be elevated. This stimulates reactive 
bone formation and accounts for a distinctive radio- 
logic feature called "Codman's triangle". Longitudinal 
sectioning of the involved bone often reveals wide 
extension within the marrow cavity. Rarely, skip areas 
within the medullary canal can be demonstrated. There 
may be necrotic and hemorrhagic foci. At the time of 
diagnosis, most tumors have already caused substantial 
cortical destruction. Continued tumor growth results in 
involvement of the adjacent soft tissues (Figure 1.34). 

The definitive diagnosis of osteosarcoma rests on the 
identification of a malignant stroma that produces an 
osteoid matrix. The stroma consists of a haphazard 




Figure 1.32 When only one of the elements of synovial 
sarcoma is present, almost invariably the spindle-cell 
component, it is termed monophasic synovial sarcoma. 
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Figure 1.33 The three radiographic matrix types of osteosar- 
coma: (A) osteolytic (arrows indicate tumor), (B) mixed, and 
(C) sclerosing. There is no prognostic difference in survival 
based on the radiographic type of matrix formation. 
(Cancer: Principles & Practice of Oncology. 6th Edition, 2001; 
39.2: 1891-1935) 

arrangement of pleomorphic cells that contain hyper- 
chromatic and irregular nuclei. Mitotic figures, often 
atypical, are usually numerous. Deposited between 
these cells is a lace-like eosinophilic matrix that is 
assumed to be malignant osteoid (Figure 1.35). Both 
malignant and benign osteoblast-like giant cells can be 
found in the stroma. An abundance of the latter type 
can create confusion with giant-cell tumor of bone. The 
predominance of one tissue type in many osteosar- 
comas has led to a histologic subclassification of this 
neoplasm. Thus, "osteoblastic osteosarcoma" refers to 
those tumors in which the production of malignant 
osteoid prevails. The pattern is usually that of a delicate 
meshwork of osteoid, as noted above, although broader 
confluent areas may be present. Calcification of the 
matrix is variable. Alternatively, some tumors reveal a 
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predominance of malignant cartilage production; 
hence, the term "chondroblastic osteosarcoma". Even 
though the malignant cartilaginous elements may be 
overwhelming, the presence of a malignant osteoid 
matrix warrants the diagnosis of osteosarcoma. Another 
variant, fibroblastic osteosarcoma, is characterized by 
large areas of proliferating fibroblasts arranged in 
intersecting fascicles. Such areas are indistinguishable 
from fibrosarcomas, and thorough sampling may be 
necessary to identify the malignant osteoid component. 
The so-called telangiectatic osteosarcoma contains 
multiple blood-filled cystic and sinusoidal spaces of 
variable size. Identification of marked cytologic atypia 
in the septae and more solid areas rules out the 
diagnosis of aneurysmal bone cyst. 




Figure 1.34 High-grade osteosarcoma of the proximal 
humerus with cortical breakthrough and tumor extension 
into the soft tissues. 



Variants of Osteosarcoma 

There are 11 recognizable variants of osteosarcoma, 
with parosteal and periosteal osteosarcomas being the 
most common. In contrast to the classical osteosarcoma, 
which arises within bone, parosteal and periosteal 
osteosarcomas arise in the surface of the bone. 

Parosteal Osteosarcoma 

Parosteal osteosarcoma is a distinct variant of osteo- 
sarcoma. Its prevalence is estimated to be 4%. It arises 
from the cortical bone and generally occurs in an older 
age group and has a better overall prognosis than 
osteosarcoma. As in osteosarcoma, the distal femur is 
the most common location; characteristically, the tumor 
attached to its posterior aspect. The proximal humerus 
and the proximal tibia are the next most frequent sites. 
Parosteal osteosarcomas usually present as a mass, 
occasionally associated with pain. The natural history is 
slow growth and late metastasis. The long-term 
survival rate is 75% to 85%. The tumor arises from the 
cortical surface and presents as a protuberant 
multinodular mass. The surface of the lesion may be 
covered in part by a cartilaginous cap resembling an 
osteochondroma; other areas may infiltrate into the 
adjacent soft tissues. The tumor usually encircles, 
partially or completely, the shaft of the underlying 
bone. In contrast to osteochondromas, the medullary 
canal of the bone is not contiguous with that of the 
neoplasm. Radiologically, parosteal osteosarcoma 
presents as a large, dense, tabulated mass that is 
broadly attached to the underlying bone without 




Figure 1.35 Classical high-grade osteosarcoma reveals a 
population of pleomorphic spindle cells intimately asso- 
ciated with a mesh of immature lacy osteoid. Occasionally 
the amount of osteoid can be minimal, or it may be a 
predominant element forming wide intersecting trabeculae 
lined by the malignant osteoblasts. Giant cells can also be 
present. 
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involvement of the medullary canal (Figure 1.36). If 
present long enough, the tumor may encircle the entire 
bone. The periphery of the lesion is typically less 
mature than the base. Despite careful evaluation, 
intramedullary extension is difficult to determine from 
the plain radiographs. It is more accurately detected 
with CT scan or MRI (Figure 1.37). 

Diagnosis of parosteal osteosarcoma, more than that 
of other bone tumors, must be based on the clinical, 
radiological, and pathological findings. Most parosteal 
osteosarcomas are low-grade; they do not require 
neoadjuvant and adjuvant chemotherapy, and are best 
treated with wide excision. This tumor is commonly 
mistaken by inexperienced clinicians and pathologists 
as osteochondroma, myositis ossificans, or conven- 
tional osteosarcoma. In the classical low-grade lesion, 
irregularly formed osteoid trabeculae, usually of woven 
bone, are surrounded by a spindle-cell stroma 
containing widely spaced, bland- appearing fibroblastic 
spindle cells (Figure 1.38). With the higher grades the 




likelihood of intramedullary involvement may be 
increased. 



Periosteal Osteosarcoma 

Periosteal osteosarcoma is a rare cortical variant of 
osteosarcoma that arises superficially on the cortex, 
most often on the tibial shaft. It projects into the 
adjacent soft tissues as a well-circumscribed tabulated 
mass. Radiologically, it is a small, radiolucent lesion 
with some evidence of bone spiculation. The cortex is 
characteristically intact with scooped-out appearance 
and a Cod man's triangle (Figure 1.39). On section, the 
tumor reveals a dominant chondroid consistency. The 
histologic features are essentially those of intermediate- 
grade chondroblastic osteosarcoma. The cartilaginous 
lobules may contain markedly atypical chondrocytes. 
At the periphery of the lobule is situated a cellular 
spindle-cell component wherein a fine intercellular 




Figure 1.36 Parosteal osteosarcoma. Plain radiographs of the distal femur, (A) anteroposterior and (B) lateral views, show a 
dense, irregular, sclerotic lesion, attached to the posterior femoral cortex. The posterior aspect of the distal femur is a classical 
location for parosteal osteosarcomas and that diagnosis should be considered for any sclerotic lesion in that location. 
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Figure 1.37 (A) The relation of parosteal osteosarcoma to 
the medullary canal is better viewed on CT that shows no 
tumor extension to the canal. In contrast to osteochondro- 
mas, the medullary canal of the bone is not contiguous with 
that of the tumor. (B) Surgical specimen, (C) illuminated 
with tetracycline fluorescence, demonstrates minimal 
medullary tumor extension through the posterior cortex. 
Medullary extension of parosteal osteosarcomas has no 
impact on survival; however, the extent of surgical resection 
must be changed to achieve wide margins. 
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osteoid matrix is produced. Areas of malignant osteoid 
and chondroid can be seen to infiltrate into the cortical 
bone at the base of the neoplasm. 

Small-cell Osteosarcoma 

In small-cell osteosarcoma the neoplastic cells are 
round rather than spindle-shaped. The tumor consists 
of nests and sheets of small round cells separated by 
fibrous septae, a pattern reminiscent of Ewing's 
sarcoma. Occasionally, transition to spindle cells is 
noted. The cells have well-defined borders and a 
distinct rim of cytoplasm. The round nuclei disclose a 
delicate chromatin pattern. The presence of a charac- 
teristic lace-like osteoid matrix, often surrounding 
individual or small nests of cells, confirms the diagnosis 
(Figure 1.40). The recommendations for treatment vary. 
Radiation and chemotherapy are used at some insti- 
tutions while others choose primary surgical ablation 
with neoadjuvant and/or adjuvant chemotherapy. Too 
few cases have been reported to make definitive 
recommendations. 

Chondrosarcoma 

Chondrosarcoma is the second most common primary 
bone sarcoma. It is a heterogeneous group of tumors 
whose basic neoplastic tissue is cartilaginous and 
shows no evidence of primary osteoid formation. It is 
subdivided in a variety of ways, including by 
histological grade and by whether it is primary or 
secondary or peripheral or central. The single most 



useful classification, both in terms of planning the 
surgical procedure and determining the prognosis, is 
histological grade. There are a few distinct, relatively 
rare, histological variants of chondrosarcoma. These 
include clear-cell, mesenchymal, and dedifferentiated 
chondrosarcoma. 

Primary chondrosarcomas are not associated with a 
pre-existing lesion. Secondary chondrosarcomas are 
associated with a pre-existing chondroid lesion such as 
enchondroma, osteochondroma, chondroblastoma, 




Figure 1.39 Periosteal osteosarcoma of the proximal 
humerus. Plain radiograph shows a typical "scooped-out" 
appearance of a cortical lesion (arrows). The center of the 
lesion has a lytic appearance because of its chondroblastic 
features. (Cancer: Principles & Practice of Oncology. 6th 
Edition, 2001; 39.2: 1891-1935) 




Figure 1.38 Parosteal osteosarcoma belongs to a group of 
bone surface sarcomas. It is usually a low-grade neoplasm. 
There are parallel or intersecting osseous trabeculae 
(arrows) that may be either lamellar or woven-bone-type 
matrix. The intervening fibrocollagenous tissue is composed 
of bland, widely spaced fibroblastic cells. 




Figure 1.40 A rare variant of high-grade osteosarcoma is the 
so-called small-cell type. It is composed of small round blue 
cells, often with only sparse osteoid matrix to reveal the true 
diagnosis. Consequently extensive tumor sampling is 
necessary to differentiate it from Ewing's sarcoma, 
rhabdomyosarcoma, and lymphoma. 
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chondromyxofibroma, periosteal chondroma, and 
synovial chondromatosis (Figures 1.41, 1.42). Central 
chondrosarcomas arise from within the medullary 
canal, and peripheral chondrosarcomas arise from the 
surface of the bone. Primary chondrosarcomas are 
virtually always central; secondary chondrosarcomas 
can be central or peripheral. The treatment and 
prognosis of primary and central secondary 
chondrosarcomas are identical, and that distinction is 
made only to clarify the underlying pathogenesis. 

The majority of the "conventional" chondrosarcomas 
occur between the ages of 40 and 60. The most common 
sites are the pelvis, femur, and shoulder girdle. Pelvic 
chondrosarcomas are often large and present with 
referred pain to the lower back, sciatic pain, urinary 
symptoms from pressure on the bladder neck, unilat- 
eral swelling of the lower extremity due to iliac vein 
obstruction, or a painless pelvic mass. Central chondro- 
sarcomas usually present with pain. Correlation of the 
clinical, radiographic, and histological data is essential 
for accurate diagnosis and evaluation of the aggres- 
siveness and metastatic potential of a cartilage tumor. 
In general, proximal or axial location, skeletal maturity, 
and pain point toward malignancy. Radiologically, 
central chondrosarcoma presents as a well-defined lytic 
lesion with a narrow zone of transition and 
surrounding sclerosis with faint calcification or with no 
sclerotic rim at all (Figure 1.43). Endosteal scalloping is 
the key sign of malignancy (Figure 1.44). 

Central chondrosarcoma is an expansive lesion that 
commonly causes cortical destruction and subsequent 
extension to the soft tissues. Typically, the tumor 




Figure 1.41 Secondary, low-grade chondrosarcomas, 
arising from osteochondromas of the (A) proximal humerus, 
(B) proximal femur, and (C) proximal tibia (arrows point to 
the region of the cartilage cap that has undergone malignant 
transformation). 



consists of fused, variably sized nodules that, on cut 
section, are composed of white-gray hyaline tissue, 
areas of calcification and even ossification. There may 
be focal myxoid areas (Figure 1.45). 

The histological spectrum and the ease of diagnosis 
vary tremendously. High-grade tumors can be easily 
identified; in contrast, it may be exceedingly difficult to 
distinguish low-grade tumors from other benign 
cartilage tumors. When this diagnostic dilemma arises, 
correlation of the histological features with both the 
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clinical setting and the radiographic changes becomes 
extremely important. Chondrosarcomas are histolog- 
ically graded as I (low), II (intermediate), or III (high); 
the majority are grade I or II. Grade I tumors are 
characterized by a slightly increased number of 
chondrocytes, set in lobular chondroid matrix. The cells 
contain hyperchromatic nuclei, occasionally binucleate 
forms that show minimal variation in size (Figure 1.46). 
Areas of markedly increased cellularity with more 
prominent pleomorphism and significant nuclear 
atypia define a grade II tumor. Myxoid matrix changes 
are indicative of a grade II tumor, or even higher. Grade 
III chondrosarcoma, which accounts for approximately 
10% of all chondrosarcomas, discloses greater cellu- 
larity, often with spindle-cell areas, and prominent 
mitotic activity. Areas of myxoid changes are common, 
and the malignant chondrocytes may contain large, 
bizarre nuclei (Figure 1.47). Calcification and enchon- 
dral ossification can be observed in tumors of all grades; 
however, the presence of unequivocal malignant 
osteoid production, even in the face of chondro sar- 
comatous areas, dictates that the tumor be classified as 
osteosarcoma. 

Resection is the treatment of choice for all 
chondrosarcomas. Low-grade chondrosarcomas or 
enchondrosarcomas may be treated by intralesional 
resection. Curettage, burr drilling, and, in most cases, 
the use of adjuvant liquid nitrogen should be 
considered. Intermediate- and high-grade chondro- 
sarcomas, on the other hand, are treated surgically by 
wide resection. The use of neoadjuvant and adjuvant 
chemotherapy for chondrosarcomas is controversial. 
Low- and intermediate-grade chondrosarcomas 




respond poorly to chemotherapy. Although there are 
few data on the efficacy of chemotherapy in the 
treatment of high-grade chondrosarcomas, it should be 
considered in any young patient with a high-grade 
tumor. Radiation is recommended when anything 
other than wide excision is performed for a 
chondrosarcoma of any grade. 

Ewing's Sarcoma 

Ewing's sarcoma is a distinct round-cell sarcoma that 
occurs predominantly in the long bones of skeletally 
immature patients. The tumor is composed of undif- 
ferentiated, round, mesenchymal cells that are rich in 
glycogen and typically manifest a unique reciprocal 
chromosomal translocation, t(ll;22)(q24;ql2) that 
results in a chimeric protein, EWS/FLI-1. This 
translocation occurs in approximately 90% of these 
tumors. Very few other human tumors exhibit such 
consistent karyotypic alterations, which might play a 
significant role in their pathogenesis. 

Ewing's sarcoma is the third most common primary 
bone sarcoma. It has a significant predilection for the 
White population; it is rare to diagnose Ewing's 
sarcoma in a Black patient. The peak incidence is the 
second decade of life. In very young patients, and in 
patients over the age of 30, a diagnosis of Ewing's 
sarcoma should be questioned, because it occurs so 
rarely in these age groups. Common differential 
diagnoses include metastatic neuroblastoma and acute 
leukemia (in the young age group) and small-cell 
carcinoma and large-cell lymphoma (in patients older 
than 30). With the advent of molecular probes and 




Figure 1.42 Secondary chondrosarcoma arising from the left proximal femur in a patient with multiple hereditary exostosis. (A) 
Plain radiograph shows a large, benign-appearing osteochondroma arising from the right proximal femur and a large, poorly 
demarcated cartilage tumor, arising from the left (solid arrows). (B) CT shows a marked difference between the two lesions. The 
destructive neoplastic tissue (solid arrows) has completely replaced the osteochondroma on the left, and it is almost fungating 
through the skin. The patient underwent modified hemipelvectomy and remains disease-free after more than 10 years of follow- 
up. (Cancer: Principles & Practice of Oncology. 6th Edition, 2001; 39.2: 1891-1935) 
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Figure 1.43 Plain radiographs of the proximal tibia, (A) 
anteroposterior and (B) lateral views, show a central 
chondrosarcoma (arrows). Macrosections of central chondro- 
sarcomas of the (C) proximal tibia and (D) proximal femur. 
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Figure 1.44 Plain radiograph of the femoral shaft, showing 
a central chondrosarcoma, presenting as a well-defined lytic 
lesion with a sharp transition zone, calcifications, and 
endosteal scalloping. 



immunohistochemical stains, differentiation among 
these tumors has become simpler. 

Radiologically, Ewing's sarcoma presents as an ill- 
defined, permeative or focally moth-eaten, destructive 
intramedullary lesion that affects the diaphysis. 
Ewing's sarcomas are frequently lytic or have a mixed 
pattern; however, in approximately 15% of the cases a 
sclerotic appearance is dominant. Ewing 's sarcomas are 
associated with a diffuse, irregular, and wavy periosteal 
reaction consisting of multiple parallel layers. That 




Figure 1.45 Cross-section of an intramedullary chondro- 
sarcoma discloses its lobular architecture and translucent, 
hyaline-like matrix. Note the characteristic endosteal 
erosions (arrows). 



reaction has been the named "onion-skin appearance". 
The large majority of these tumors break through the 
cortex and have an extensive soft-tissue component 
(Figure 1.48). Histologically, the small round cells grow 
in solid, densely packed sheets and nests that fill the 
intertrabecular spaces. They have round, centrally 
located nuclei with indistinct cytoplasmic features. The 
nuclear chromatin is granular, and there are usually 
one to three clearly identifiable small- to intermediate- 
sized nucleoli (Figure 1.49). Often a biphasic pattern is 
simulated by the presence of "light" and "dark" cells 
(i.e., cells with an open chromatin structure and cells 
with dark condensed nuclei, respectively). The latter 
represent apoptotic tumor cells. The ratio between light 
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and dark cells varies from tumor to tumor and even in 
different areas of the same lesion. 

Ewing's sarcoma is an extremely malignant tumor 
with high rates of metastatic disease and local 
recurrence following surgery alone. The 5-year survival 
rate has risen dramatically, from 5% to more than 60%, 
because of the use of multimodality treatment that 
includes chemotherapy, surgery, and radiation therapy 
in selected cases in which wide margins were not or 
could not be achieved at surgery. As with any high- 
grade primary bone sarcoma, the surgical aim is wide 
resection. 




% 



i 



Figure 1.46 Low-grade chondrosarcoma maintains a 
lobular architecture. There is slightly increased cellularity, 
occasional binucleate cells (arrow) and nuclear atypia. These 
cells are typically found in lacunae. The tumor tends to 
permeate between the normal osseous trabeculae. 




Figure 1.47 The juxtaposition of high-grade spindle sarcoma 
(solid arrow) with lobules of low-grade chondrosarcoma 
(open arrow) is the hallmark of dedifferentiated chondro- 
sarcoma. The spindle-cell component usually reveals 
features of malignant fibrous histiocytoma, osteosarcoma, or 
it may be unclassifiable. This neoplasm pursues an 
aggressive clinical course with very low long-term survival. 



Giant-cell Tumor of Bone 

Giant-cell tumor (GCT) is a locally aggressive tumor 
with a low metastatic potential. It occurs slightly more 
often in females than in males. The primary areas of 
involvement are the femoral condyles, tibial plateau, 
proximal humerus, and distal radius. The tumor is 
thought to arise in the metaphyseal-epiphyseal 
junction. Large tumors may extend into the metaphysis 
and, more rarely, into the diaphysis. GCT occasionally 
occurs in the vertebrae and sacrum. The descriptor 
"benign" was first applied to GCT to differentiate it 
from other bony malignancies that required ampu- 
tation. The quotation marks were gradually removed 
and GCT is now considered a benign aggressive lesion. 
This descriptor is misleading, because 3% of GCTs are 
primarily malignant or will undergo malignant trans- 
formation either after radiation therapy or after several 
local recurrences. GCT is, therefore, considered by the 
authors to be a low-grade primary bone sarcoma and is 
treated as such. 

Radiologically, GCTs are eccentric lytic lesions 
without matrix formation. They have well-defined 
borders and a very sharp transition between the tumor 
and the host bone. Periosteal elevation is rare unless a 
pathological fracture is present (Figure 1.50). Expanded 
and thinned cortex and, occasionally, cortical 
breakthrough and soft-tissue extension are common 
(Figure 1.51). Histologically, two basic cell types 
comprise the typical GCT. The stroma consists of 
polygonal to somewhat spindle cells containing central 
round nuclei. Typical mitotic figures, sometimes 
numerous, are often noted. Scattered diffusely 
throughout the stroma are benign osteoclast-like giant 
cells (Figure 1.52). Small foci of osteoid matrix, 
produced by the stromal cells, can be observed. 
Chondroid matrix never occurs. Extensive hemorrhage, 
pathologic fracture, or previous surgery can alter 
significantly the usual histologic picture of GCT and 
make it resemble a primary bone sarcoma. These events 
must be recognized at the time of histologic interpre- 
tation in order to prevent diagnostic errors. Cystic areas 
with surrounding hemosiderin pigment and xanthoma 
cells correspond to the grossly observed cyst. A malig- 
nant GCT contains areas of unequivocal sarcomatous 
transformation, usually typical of fibrosarcoma or 
osteosarcoma. The sarcomatous component is devoid 
of ordinary GCT features; thus, it is only by the recog- 
nition of foci of residual GCT, or by the confirmation of 
pre-existing GCT, that an accurate diagnosis of 
malignant GCT can be established. 

Treatment of GCT is surgical removal. During the 
past several decades, surgeons have used the 
following: (1) curettage; (2) curettage and cytotoxic 
agents such as phenol, zinc chloride, alcohol, H.O,, or 
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Figure 1.48 (above and above right) (A) CT scan of a Ewing's 
sarcoma of the scapula demonstrating a large soft- tissue 
(extraosseous) component. Ewing's sarcomas often have a 
large soft-tissue component, especially when a flat bone is 
involved. (B) Gross photograph of a Ewing's sarcoma of the 
scapula following resection. Note the large soft-tissue exten- 
sion both anteriorly and posteriorly to the glenoid. 



carbolic acid; (3) curettage and a physical adjuvant 
(polymethylmethacrylate and cryosurgery); (4) 
primary resection; (5) radiation therapy; and (6) 
embolization, which is practiced in unresectable 
tumors. Simple curettage, with or without cytotoxic 
agents, has a significantly high rate of local recurrence 
of up to 57%. Treatment of GCT with curettage, burr 
drilling, and cryosurgery using application of liquid 
nitrogen to the tumor cavity has achieved a recurrence 
rate of less than 3% among patients who were 
primarily treated with that modality. This is among the 
lowest reported recurrence rate after any surgical 
intervention for GCT of bone. Cryosurgery is, 
therefore, recommended as a physical adjuvant to 
curettage in the treatment of GCTs of bone. 





Figure 1.49 Ewing' s sarcoma belongs to the ever-expanding 
category of small, round, blue-cell tumors. It is composed 
of round cells with scanty cytoplasm and round to oval 
nuclei. The nuclear chromatin tends to be fine homoge- 
neous. Differentiation from the other members of the 
round-cell family may require the use of immuno- 
histochemistry, electron microscopy, and cytogenetic and 
oncogene markers. 
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Figure 1.50 GCT of the distal femur. (A) Plain radiograph 
demonstrating a typical eccentric, osteolytic lesion (solid 
arrows) with a thinned cortex without periosteal elevation. 
There is no evidence of matrix formation. (B) Corresponding 
T2-weighted image MRI and (C) gross specimen show 
hemorrhage with an expanded but intact cortex with an 
infiltrative border (solid arrows). The major radiological 
differential diagnosis is telangiectatic osteosarcoma, MFH, 
or fibrosarcoma of bone. (Cancer: Principles & Practice of 
Oncology. 6th Edition, 2001; 39.2: 1891-1935) 



SUMMARY 

The unique biological behavior of soft-tissue and bone 
sarcomas is reviewed. In addition to serving as the basis 
for the various staging systems, biological behavior 
dictates the surgical planning and the choice of 
adjuvant treatment modalities such as chemotherapy 
and radiation therapy. Although each soft-tissue and 
bone sarcoma is a distinct clinical and pathological 
entity, the principles of evaluation and management 
presented in this chapter apply to all. 
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Figure 1.51 Macrosection of the proximal femur, showing 
giant-cell tumor of bone (solid arrows) with cortical break- 
through and extension to the surrounding soft tissues. A 
tract from a hip screw is seen extending from the femoral 
head to the lateral cortex. This patient was treated by 
resection and proximal femoral prosthesis. 




Figure 1.52 Giant-cell tumor of bone reveals a rather 
uniform distribution of osteoclastic giant cells. The 
background contains round to polygonal histiocytic cells. 
Normal mitotic figures can be seen. Hemorrhage with 
aneurysmal bone cyst changes is not unusual. 
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OVERVIEW 

Biopsy is a key step in the diagnosis of bone and soft-tissue tumors. An inadequately performed biopsy may fail 
to allow proper diagnosis, have a negative impact on survival, and ultimately necessitate an amputation to 
accomplish adequate margins of resection. Poorly performed biopsy remains a common finding in patients with 
musculoskeletal tumors who are referred to orthopedic oncology centers. The principles by which an adequate 
and safe biopsy of musculoskeletal tumors should be planned and executed are reviewed and a surgical approach 
to different anatomic locations is emphasized. 
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INTRODUCTION 

Biopsy is a key step in the diagnosis of a musculo- 
skeletal tumor. In a book published in 1958, Jaffe stated 
that a biopsy should be regarded as the final diagnostic 
procedure, not as a mere short cut to diagnosis. 1 Biopsy 
must be preceded by careful clinical evaluation and 
analysis of the imaging studies. The diagnosis of a 
musculoskeletal lesion is based on these three para- 
meters; all three have to fit and the diagnosis must be 
questioned when they do not match. 1 In the past, 
biopsies were performed routinely through a large 
incision with significant contamination of the 
surrounding soft tissues with tumor cells. The 
contamination, however, had minimal significance 
because most malignant tumors of the extremities and 
pelvis were treated with amputation. Today, limb- 
sparing procedures are performed in 90-95% of 
patients with musculoskeletal tumors of the extrem- 
ities, and indications and surgical technique of 
musculoskeletal biopsy had to be changed to allow 
these procedures to be performed. 2,3 

The presence of a bone or soft-tissue lesion does not 
necessarily merit a biopsy. The combination of medical 
history, thorough physical examination, laboratory 
data when indicated, and appropriate imaging studies 
allows accurate diagnosis of most musculoskeletal 
lesions. Clinically and radiologically benign- appearing 
lesions do not have to have a biopsy. In contrast, biopsy 
is indicated in benign aggressive, malignant, and 
questionable lesions to confirm the clinical diagnosis 
and accurately classify the lesion before initiation of 
definitive treatment. 

Technically, most biopsies are simple. Decisions 
regarding the indication for biopsy, the specific region 
of the lesion that has to have a biopsy, and the anatomic 
approach and biopsy technique can make the 
difference between a successful biopsy and a cata- 
strophe. A poorly performed biopsy could become an 
obstacle to proper diagnosis and may have a negative 
impact on survival. Furthermore, patients who have 
undergone poorly performed biopsies subsequently 
may require an amputation to achieve an adequate 
surgical resection. 

In 1982, Mankin et al. 4 evaluated 329 patients who 
underwent biopsy for bone or soft-tissue sarcomas. The 
rate of major errors in diagnosis was 18.2%, and the rate 
of complications was 17.3%. Unnecessary amputations 
were performed in 4.5% of these patients. 4 These 
events were found to occur with far greater frequency 
when the biopsy was performed in a referring 
institution rather than in a specialized oncology center. 
In addition to technical recommendations (most of 
which will be discussed in this chapter), it was 



recommended that if a surgeon or an institution is not 
equipped to perform accurate diagnostic studies or 
definitive surgery and adjunctive treatment of 
musculoskeletal tumors, the patient should be referred 
to a specialized treating center before the biopsy is 
performed. 4 In 1996, Mankin et al. 5 performed a second 
study on 597 patients. They documented major errors 
in diagnosis in 13.5% of the patients, a complication 
rate of 15.9%, and unnecessary amputations in 3%. The 
differences in outcome between referring and oncology 
centers were unchanged and their recommendation 
was identical. 5 

The current chapter reviews the principles according 
to which a safe and adequate biopsy of bone and soft- 
tissue tumors should be planned and performed. 



BIOLOGY OF MUSCULOSKELETAL TUMORS 

Because of the common origin from the mesenchymal 
elements of the musculoskeletal system, bone and soft- 
tissue sarcomas share certain unique biologic charac- 
teristics. Sarcomas grow in a centripetal fashion with 
the most immature part of the lesion at the growing 
edge. A reactive zone is formed between the tumor and 
the compressed surrounding normal tissues. The 
reactive zone is composed of induced proliferation of 
mesenchymal cells, neovasculature, and inflammatory 
process. 6 The type of mesenchymal proliferation is 
determined by the anatomic location of the tumor: soft- 
tissue tumors stimulate a fibrous reaction, and 
intraosseous lesions stimulate a bone-forming reaction. 
Furthermore, the same lesion in different areas will 
stimulate different mesenchymal responses. The 
reactive region around an intraosseous lesion matures 
into reactive bone, whereas if the lesion penetrates the 
soft tissues, the mesenchymal response is fibrous. 6,7 
Unlike sarcomas, carcinomas usually infiltrate, rather 
than push, the surrounding tissues and usually do not 
induce the formation of a reactive zone. 8 

The reactive zone may be invaded by tumor nodules 
that represent microextensions of tumor. These nodules 
are termed satellites and are not a metastatic pheno- 
menon. High-grade sarcomas may present with tumor 
nodules that grow outside the reactive rim but within 
the same anatomic compartment in which the lesion is 
located. These nodules are termed skip lesions (Figures 
2.1, 2.2). 2,7 Low-grade sarcomas rarely manifest with 
skip lesions. 6 Metastatic disease from bone and soft- 
tissue sarcomas is site- specific; it is manifested by lung 
involvement in its early stage and secondarily by bone 
involvement. 2,9 
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Figure 2.1 Growth pattern of bone and soft-tissue 
sarcomas. Sarcomas grow in a centripetal fashion, with the 
most immature part of the lesion at the growing edge. A 
reactive zone is formed between the tumor and the 
compressed surrounding normal tissues and may be 
invaded by tumor nodules that represent microextensions of 
tumor (satellites) and are not a metastatic phenomenon. 
High-grade sarcomas may present with tumor nodules that 
grow outside the reactive zone (skip lesions) but within the 
same anatomic compartment in which the lesion is located. 
(Clin Orthop 1999 Nov; (368): 212-219) 



DIAGNOSTIC STUDIES AND BIOPSY 
CONSIDERATIONS 

Biopsy of a musculoskeletal lesion should be performed 
only at the conclusion of staging, which is the process 
that entails performing the imaging studies required to 
determine the characteristics and local extent of the 
tumor and the presence of metastatic disease. Staging 





Figure 2.2 A 40-year-old woman presented with a rapidly 
enlarging mass that had developed in her calf. Physical 
examination revealed a deep-seated, firm mass, 10 cm in dia- 
meter, located at the proximal aspect of the calf. (A) Magnetic 
resonance imaging revealed the primary lesion and 
additional skip metastasis (small arrow) in the substance of 
the soleus muscle. Core needle biopsy of the primary lesion 
established the diagnosis of a high-grade leiomyosarcoma. 
(B) The skip metastasis (small arrow) is shown clearly in an 
angiogram performed before radical excision of the tumors. 
The large arrow represents the primary tumor 
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helps determine the exact anatomic approach to the 
tumor and specifies the region of the tumor that 
represents the underlying disease. A final reason for 
deferring biopsy until staging is complete is that biopsy 
superimposes real and artificial radiologic changes at 
the biopsy site, and therefore can alter the inter- 
pretation of the imaging studies. 

Anatomic Location of the Biopsy Tract 

The position of the biopsy site within the lesion has a 
major significance because bone and soft-tissue tumors 
may have regional morphologic variations. 2,6,7 As a 
result of that heterogeneity, multiple samples are 
required to establish a diagnosis. Carcinomas, by 
contrast, are commonly homogeneous and a single 
tissue core or aspirate is sufficient for diagnosis. The 
term "sampling error" refers to an incorrect or 
inconclusive diagnosis that occurs because the biopsy 
specimen was taken from a region that does not 
represent the underlying primary disease. The clinical 
findings and imaging studies must be evaluated before 
biopsy by the surgeon and the radiologist, who must be 
familiar with the biologic and radiologic findings of 
musculoskeletal tumors. The questions that must be 
answered before biopsy are: (1) What part of the lesion 
has to have a biopsy? and (2) What is the safest 
anatomic route to that location? 

Despite serious concerns regarding the potential of 
accelerated growth or metastatic dissemination of a 
malignant tumor after biopsy, there is no well-founded, 
objective evidence that biopsy promotes either adverse 
event. The real risk of open and needle biopsies is that 
they may spread tumor cells locally and facilitate local 
tumor recurrence (Figure 2.3). 10-13 The actual risk of 
local recurrence after biopsy is not well documented, 
but it is reasonable to assume that it is higher in open 
biopsy than in needle biopsy, and that it is related to the 
width of the biopsy tract and adequacy of homeostasis. 
In planning the definitive surgery it must be assumed 
that the biopsy tract is contaminated with tumor cells 
and, therefore, it should be resected with the same 
safety margins as the primary tumor (i.e., wide margins 
-Figure 2.4). 

For these reasons the surgeon performing the biopsy 
must be familiar with the technique of the potential 
definitive procedure, whether it is limb-sparing surgery 
or amputation. The biopsy incision or the needle punc- 
ture hole, and the tract to the tumor, must be made with 
the planned surgical incision site so that they will be 
included within the surgical specimen. Preferably, the 
surgeon performing the biopsy will be the same person 
who will perform the definitive procedure. 

General guidelines regarding positioning of the 
biopsy tract are applicable to biopsies of bone and soft- 



tissue lesions and are independent of the technique 
(open versus needle biopsy) and anatomic location. 
These guidelines can be summarized as follows: (1) 
Decide, before biopsy, what part of the lesion is most 
representative of the underlying disease and will need 
to have a biopsy. As a rule, the extraosseous component 
of a malignant bone tumor is as representative of the 
tumor as is the bony component, and should have 
biopsy, if present. Violating the cortex of a bone that 
harbors a malignant tumor, predisposes the patient to a 
pathologic fracture, and is recommended only if there 
is no extraosseous extension of the tumor. (2) Position 
the point of entry along the planned incision of the 
definitive surgery. (3) The biopsy tract must be the 
shortest way to the lesion; however, it must not violate 
more than one compartment and must be as remote as 
possible from the main neurovascular bundle of the 
extremity. Figures 2. 5-2. 7 show the recommended 
surgical approach to the four most common locations of 
primary bone sarcomas (proximal femur, distal femur, 
proximal tibia, and proximal humerus). 

Biopsy Technique 

A closed biopsy does not involve an incision. The 
specimen is obtained after skin puncture by a needle or 
trephine. An open biopsy, in contrast, requires an 
incision. It can either be incisional, in which case only a 
representative specimen is removed from the lesion, or 
excisional, in which the lesion is excised en-bloc. Any 
surgical procedure, even the most minor, is accom- 
panied by a risk of complications that may include 
iatrogenic injury to blood vessels or nerves, com- 
plicated wound healing, wound infection, and tumor 
cell contamination along the biopsy tract and 
subsequent local recurrence. 

Open incisional biopsy is a reliable diagnostic method 
because it allows the pathologist to evaluate cellular 
morphologic features and tissue architecture from 
different sites of the lesion. Furthermore, it provides 
material for performing ancillary studies such as 
immunohistochemistry, cytogenetics, molecular gene- 
tics, flow cytometry, and electron microscopy. These 
studies may help in the diagnosis and subclassification 
of bone and soft-tissue tumors, and therefore guide the 
definitive treatment. 

Needle biopsy of mesenchymal tumors initially was 
criticized because the quantity of biopsy material was 
often insufficient for routine histopathologic evaluation 
and ancillary studies that require tissue. Fine-needle 
aspiration (FNA) using a 22-gauge needle, has been 
shown to be a reliable technique for the diagnosis of 
soft-tissue tumors that also provides sufficient material 
for additional studies. 14-20 Diagnostic accuracy of FNA is 
highest when the cell type of the tumor is homogeneous, 
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Figure 2.3 (A) Computed tomography guided core needle 
biopsy of a lytic lesion of the distal humerus, suspected of 
being a metastatic malignant melanoma. (B) That patient 
underwent resection-curettage and cryosurgery, followed 
by radiation therapy. The biopsy tract was resected en-bloc 
and its pathological evaluation revealed a tumor deposit. 



as in the case of multiple myeloma or metastatic 
carcinomas. Tissue architecture and matrix formation 
have a major significance in the histologic evaluation 
and diagnosis of bone tumors. An important limitation 
of FNA stems from its inability to sample tissue matrix 
adequately and to show tumor structure. 16 Because of 
these considerations, with the exception of few 
specialized centers, 14 ’ 21 ’ 22 FNA is not commonly used to 
diagnose primary bone tumors. 23 

Core needle biopsy (CNB), using a 14-gauge needle 
that provides a core of tissue with a maximum length of 
20 mm, was shown to be more than 90% accurate in 
differentiating malignant from benign lesions. 24 In most 
patients with suspected bone or soft-tissue sarcomas it 
is the biopsy performed before initiation of treatment. 
Core needle biopsy is commonly practiced as the first 




Figure 2.4 (A) Biopsy site over an osteosarcoma of the 
distal femur. The definitive surgical incision is planned to 
include the biopsy skin incision and the biopsy tract. (B) The 
tumor is resected en-bloc with the biopsy tract and the 
biopsy skin incision. 



biopsy modality. 24 Open biopsy is performed when the 
pathologic diagnosis either is inconclusive or does not 
correlate with the clinical presentation and radiologic 
findings. Bone biopsies, using a CNB, should be 
performed under CT or fluoroscopy guidance, and 
multiple cores should be obtained. Biopsy of a deep- 
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Figure 2.5 Biopsy tract, proximal and distal femur. A distinction is made between lateral and medial lesions. Because the 
majority of primary bone sarcomas have an extraosseous extension, the muscle underlying the tumor has to be resected with 
the specimen. This principle applies to all anatomic locations. (Clin Orthop 1999 Nov; (368): 212-219) 




Biopsy tract 

Tibialis 



Extensor hallucis 
longus 



LATERAL LESION 





MEDIAL LESION 



Figure 2.6 Biopsy tract, proximal tibia. (Clin Orthop 1999 Nov; (368): 212-219) 
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Figure 2.7 Biopsy tract, proximal humerus. The deltoid muscle has to be resected with most primary bone sarcomas of the 
proximal humerus. A transdeltoid approach through the anterior third of the muscle is used. The traditional deltopectoral 
approach will necessitate wider resection of the pectoralis major muscle, compromise its use for soft-tissue reconstruction, and 
may contaminate the main neurovascular bundle of the upper extremity. (Clin Orthop 1999 Nov; (368): 212-219) 



seated or pelvic soft-tissue tumors is performed under 
CT guidance. If a soft-tissue tumor is palpable and is 
remote from the neurovascular bundle, a biopsy can be 
performed in a clinic setting. 

After adequate planning of the biopsy tract, biopsy 
should be executed according to the following guide- 
lines: (1) Use the smallest longitudinal incision that is 
compatible with obtaining an adequate specimen. 
Transverse incisions are contraindicated because they 
require a wider soft-tissue resection at the time of 
definitive surgery (Figure 2.8). (2) Use a knife or curette 
to avoid crushing or distorting the specimen's texture. 
When a purely intraosseous bone lesion is having 
biopsy, make a cortical window and pay attention to its 
shape. Clark et al. 25 evaluated the impact of three types 
of hole shape (rectangular hole with square corners, 
rectangular hole with rounded comers, and oblong 
hole with rounded ends) on the breaking strength of 
human femora. They found that an oblong hole with 
rounded ends afforded the greatest residual strength. 25 
They also found that increasing the width of the hole 
caused a significant reduction in strength, but 
increasing the length did not. 25 Therefore, when the 
biopsy must be taken from the bone, a small circular 
hole should be made so that only minimal stress-risers 
are created. If a larger window is needed, an oblong 
window should be made (Figure 2.9). (3) Obtain 



enough tissue. Always send a specimen for frozen 
section or touch-prep to verify the presence of 
representative tumor material in the specimen. For 
needle biopsies, cytopathologic evaluation has to 
confirm the presence of viable tumor cells. If pathologic 
evaluation is negative or questionable, repeat the 
biopsy. (4) As a general rule, culture what you biopsy 
and biopsy what you culture. (5) Use meticulous 
hemostasis. Any hematoma around a tumor should be 
considered contaminated. Large hematoma may 
dissect the soft and subcutaneous tissues and 
contaminate the entire extremity, making limb-sparing 
surgery impossible. A tourniquet is rarely indicated for 
an open biopsy, because bleeding vessels cannot be 
observed and adequate hemostasis is hard to achieve. If 
a tourniquet is used, the limb should not be exsan- 
guinated by wrapping with an Esmarch bandage, 
because this may force tumor cells to the proximal 
aspect of the extremity and into the bloodstream. To 
allow hemostasis, the tourniquet must be removed 
before wound closure. (6) Use drains if necessary. The 
port of entry has to be in proximity and continuation 
with the skin incision, not to its sides (Figure 2.10). The 
drain path is considered contaminated and has to be 
excised with the surgical specimen. Guidelines regard- 
ing the excision of the draining tract therefore are 
similar to those that apply to the biopsy tract. 



44 



Musculoskeletal Cancer Surgery 



a 




Figure 2.9 An oblong cortical window with rounded ends 
affords the greatest residual strength and is recommended 
for biopsy of purely intraosseous lesions. 




Figure 2.8 (A) The smallest longitudinal incision that 
allows an adequate specimen to be obtained should be used. 
A transverse biopsy incision requires a wider resection of 
soft tissues at the time of the definitive surgery. (B) 
Horizontal biopsy incision over a high-grade soft-tissue 
sarcoma of the thigh. Definitive surgery had to be modified 
to include the biopsy incision. 




Figure 2.10 A drain has to be positioned in proximity to 
and along the site for planned incision of the definitive 
procedure. 
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SUMMARY 

Accurate diagnosis of a musculoskeletal tumor is based 
on these factors: clinical presentation, results of 
radiologic studies, and pathologic evaluation. The 
importance of careful planning and performance of a 



biopsy cannot be overemphasized because an error 
may have a negative impact on survival, impede a 
proper diagnosis, and compromise the ability to 
perform limb-sparing surgery. Core needle biopsies, 
performed under CT guidance when indicated, are 
recommended. 
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The Role of Chemotherapy 
in the Treatment of Bone and 
Soft-tissue Sarcomas 

Dennis Priebat and Martin Malawer 



OVERVIEW 

Sarcomas are rare, mesenchymal tumors of the soft tissue and bone that exhibit a marked heterogeneity in their 
clinical presentation, biologic behavior, and histologic features. Approximately 10,400 new cases are diagnosed 
annually, 7800 of which arise from the soft tissues (50-60% of which involve the extremities) and 2600 from bones. 1 
Although the incidence of extremity sarcomas is similar to that of Hodgkin's disease, they are responsible for more 
than twice as many deaths each year. Major advances in the treatment of these tumors have been limited by an 
inability to accumulate sufficient numbers of similar patients to perform prospective randomized clinical trials 
with results that can achieve statistical significance. 

Until the 1970s, surgery and/or radiation therapy was the accepted method for the primary management of 
most soft-tissue and bone sarcomas of the extremities. However, surgery alone, especially wide resection, was 
associated with a high incidence of local recurrences. Even when local control was achieved, more than 50% of 
patients with soft-tissue sarcoma and 80% of patients with skeletal sarcoma (osteogenic and Ewing's sarcoma) 
eventually developed distant metastases and died, usually within 2 years. 2-11 Systemic chemotherapy was 
subsequently found to exhibit reproducible anti-tumor effects against these neoplasms. Initially used only in the 
treatment of metastatic disease, this was later used as a part of combined-modality therapy in the adjuvant 
(postoperative) setting, and then as preoperative (neoadjuvant, induction) therapy in an attempt to preserve limb 
function and/or increase long-term survival. 2-11 The routes of chemotherapy administration have included 
intravenous (IV) bolus, continuous IV infusion, and local (regional) drug delivery directly to the tumor via a 
feeding artery. 12 
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SOFT-TISSUE SARCOMA 

Despite the development of successful therapeutic 
modalities for local tumor control (e.g., limb- sparing 
surgery and radiation therapy), 40-50% of patients, 
particularly those with high-grade, large, deep tumors, 
will have local recurrences and die from metastases 
that were not apparent at presentation. 3 An additional 
10% of patients will have metastases (usually lung) at 
the time of initial diagnosis. Consequentially, chemo- 
therapy was used initially to treat metastatic disease 
and, more recently, in an attempt to increase survival 
after local treatment and to also maximize the number 
of candidates for limb-sparing surgery. 13,14 

Chemotherapy Development 

Only two single agents, Adriamycin and ifosfamide, 
have shown a reproducible response that is greater 
than 20% for soft-tissue sarcomas. 15 The largest 
experience with single-agent chemotherapy in this 
disease is with Adriamycin. A steep dose-response 
relationship has been found for Adriamycin. This was 
first demonstrated in the Southwest Oncology Group 
(SWOG) study in the 1970s, in which a dose of 
75 mg/m 2 given every 3 weeks was shown to have a 
superior response rate to doses of 60 mg/m 2 and 
45 mg/m 2 , 16 Further evidence of a dose response has 
come from other studies of Adriamycin administered 
alone, as well as in conjunction with ifosfamide. 17,18 
Unfortunately, Adriamycin also has an associated dose- 
limiting cardiotoxicity. The cardiotoxicity has been 
reduced without altering the drug's effectiveness by 
administering it as a continuous IV infusion over 
72-96 h via a central venous catheter rather than by 
bolus dosing. 19,20 To obtain an optimal response it 
appears to be important to achieve a dose intensity of at 
least 70 mg/m 2 every 3 weeks. 15 

Analogues of Adriamycin have been developed in an 
attempt to reduce the potential for cardiotoxicity that 
exists at higher cumulative doses. Epirubicin has been 
the most extensively studied. The EORTC Sarcoma 
Group compared equitoxic doses of Adriamycin 
75 mg/m 2 and epirubicin 150 mg/m 2 (given as a single 
bolus or fractioned over 3 days). 21 An overall response 
rate of 18% was obtained. No difference was seen 
between the three study arms; however, myelosup- 
pression was greater for epirubicin than for 
Adriamycin. The incidence of cardiotoxicity was similar 
for both agents. Unfortunately, none of the currently 
available anthracycline analogues show any advantage 
over Adriamycin for patients with soft-tissue sarcomas, 
and early studies of the new liposomal Adriamycin 
derivatives have shown variable activity. 22 



Alkylating agents have also been studied extensively, 
but only ifosfamide has shown activity equivalent to 
that of Adriamycin. 15 Prior to the availability of 
ifosfamide, cyclophosphamide was used widely as a 
component of the CyVADIC regimen, largely on the 
basis of its reported activity in pediatric sarcomas 
(especially rhabdomyosarcoma). Since the introduction 
of ifosfamide there has been considerable debate over 
its activity compared with that of cyclophosphamide. 
In the 1980s the EORTC performed a randomized trial 
comparing a 24-h continuous infusion of cyclophos- 
phamide L5g/m 2 versus ifosfamide 5 g/m 2 (chosen to 
produce a comparable degree of myelosuppression). 23 
The response rate for ifosfamide in previously 
untreated patients with sarcoma was 25% versus 13% 
for cyclophosphamide. 

In addition, ifosfamide showed activity in previously 
treated patients and in patients who were resistant to 
cyclophosphamide. There were no responses observed 
in patients crossed over to cyclophosphamide, indi- 
cating an incomplete cross-resistance between the two 
agents. Leukopenia was much less common in patients 
who received ifosfamide, suggesting that further dose 
escalation would be possible. 

Both the dosage and scheduling appear to be 
important factors for the use of ifosfamide in soft-tissue 
sarcomas. Doses of less than or equal to 8 g/m 2 demon- 
strated clinical activity in numerous studies in the 
1980s. 24 But it was only in the 1990s that a dose- 
response activity relationship was recognized and fully 
evaluated. 25,26 There appeared to be further anti-tumor 
activity of high-dose ifosfamide (12-14 g/m 2 ) inpatients 
who did not respond to lower doses or who relapsed 
after standard dose ifosfamide-containing regi- 
mens. 24,26-28 Several dose-intensified studies have 
shown higher clinical response rates than conventional 
dose regimens. When ifosfamide is used as a single- 
agent therapy, several experts recommend that a dose 
of ^ 10 g/m 2 be the minimum needed to obtain an 
optimal response for patients with soft-tissue sarcomas. 
It was only with the availability of mesna (M), which 
protects against urothelial toxicity (i.e., hemorrhagic 
cystitis), that the clinical use of this agent has become 
practical. The scheduling of ifosfamide also appears to 
be important. Studies by Antman et al. and Patel et al. 
have suggested that a 2-4 h IV bolus schedule appears 
to have approximately twice the response rate as a 
continuous IV infusion. 26,29 Results of a recent EORTC 
randomized trial that compared two different dose 
schedules of ifosfamide (5 g/m 2 over 24 h vs. 3 g/m 2 over 
4 h, day 1-3), demonstrated an advantage for the IV 
bolus intensive regimen in terms of response (10% vs. 
25%). 30 This same group also evaluated ifosfamide given 
at 12 g/m 2 as a 72-h continuous IV infusion q 4 weeks, 
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which yielded an overall response rate of only 14%. 31 

Ifosfamide has been shown to have significant 
activity against synovial cell sarcoma. 27 With the 
availability of mesna, it is much safer to use, but it still 
has dose-limiting myelosuppression, renal and central 
nervous system (CNS) toxicity. 32 Vigorous hydration with 
electrolytes and bicarbonate/acetate must be utilized to 
prevent severe metabolic acidosis and reduce the risk of 
significant neurotoxicity. CNS toxicity usually presents 
as a metabolic encephalopathy that may include 
confusion, blurred vision, mutism, auditory or visual 
paranoid hallucinations, seizures, and rarely, coma. 29 
The exact mechanism for this toxicity is not known, but 
it may be related to the accumulation of chlorac- 
etaldehyde, one of ifosfamide 's metabolites. Patients 
who are particularly prone to renal and CNS toxicity 
include those with a poor performance status, low 
serum albumin level (< 3 g/dl), renal dysfunction (as 
indicated by a prior nephrectomy, clinical or subclinical 
renal tubular dysfunction, or previous treatment with 
cisplatinum), and bulky pelvic disease, as well as those 
over the age of 65. 32 

Neurotoxicity is usually self-limited. Methylene blue 
(50 mg IV) and diazepam (5 mg IV) have been reported 
to rapidly reverse the encephalopathy; however, 
methylene blue should not be given to patients who 
are glucose-6-phosphate dehydrogenase (G6PD)- 
deficient. 33,34 Both these agents can be given prophylac- 
tically in subsequent cycles in order to prevent 
neurotoxicity (i.e., methylene blue 65 mg tablets qid). 
Hematologic toxicity in terms of myelosuppression has 
been ameliorated through the use of the hematopoietic 
growth factors G or GM-CSF, but patients still can 
develop dose-limiting thrombocytopenia. 35 This may be 
better controlled in the future with the use of new 
thrombopoietin agents. 

Dacarbazine (DTIC) has also been used extensively 
for soft-tissue sarcomas, but it has a response rate under 
20% as a single agent. 15 Emesis, a major side-effect, can 
be reduced when the drug is given as a continuous IV 
infusion. Its use with ifosfamide and Adriamycin in the 
MAID regimen has been questioned since it may 
contribute to increased toxicity with minimal additional 
efficacy. There is some evidence that DTIC has particular 
activity against non-gastrointestinal leiomyosarcoma. 36 

Most other agents have had disappointingly low 
response rates for soft-tissue sarcoma. Methotrexate has 
minimal activity, and 5-fluorouracil and its derivatives 
are inactive. 17,1 ^ Vincristine, which was initially incor- 
porated in combination regimens because of its activity 
in pediatric soft-tissue sarcomas, has a low response 
rate. The newer taxanes have minimal, if any, 
activity. 37,38 A recent study shows a synergistic effect for 
cisplatinum when given with epirubicin, and several 



preliminary reports suggest that gemcitabine may also 
have activity. 39, 0 

Combination Therapy in the Treatment of Advanced 
Disease 

Given the modest results of single-agent chemotherapy 
in the treatment of soft-tissue sarcomas, several 
combination chemotherapy regimens have been 
explored. 15,18 There is still controversy as to whether 
single-agent Adriamycin or a multi-agent regimen that 
includes Adriamycin is better for the treatment of 
advanced disease. 41,42 In the 1980s, Adriamycin (A) and 
DTIC (D) was the most commonly recommended 
combination regimen. ECOG and GOG studies showed 
higher response rates for the AD combination, but 
because there was no survival advantage and greater 
gastrointestinal toxicity for AD, both groups concluded 
that Adriamycin alone was preferable. 15,18 In a SWOG 
study, AD had reduced toxicity (i.e., cardiac, nausea, 
and vomiting) comparing a 96-h IV infusion to bolus, 
and still equivalent tumor activity and survival. 19 
Several other studies have shown no advantage for 
adding other agents (i.e., cytoxan, vincristine, actino- 
mycin-D). 15 It was felt that these agents simply reduced 
the dosage of Adriamycin that could be safely used. 

Based on its activity in refractory and relapsed soft- 
tissue sarcoma, ifosfamide with mesna has been studied 
in combination with Adriamycin and Adriamycin/ 
DTIC. In the late 1980s the MAID regimen was 
pioneered at the Dana Farber Cancer Institute (DFCI). 
MAID was a logical modification of the CyVADIC 
regimen; it eliminated the inactive vincristine and 
replaced cyclophosphamide with ifosfamide. 43 Studies 
from the DFCI using MAID reported a response rate of 
approximately 50% (10% complete response). InEurope, 
substitution of epirubicin for Adriamycin yielded 
similar results. 15,17, 8 Although the MAID regimen has 
been used extensively in the 1990s for the treatment of 
soft-tissue sarcoma, it is a highly toxic therapy with 
severe life-threatening myelosuppression. Furthermore, 
adjusting the dosage of the regimen components has 
not significantly decreased toxicity or improved 
efficacy. 

The effect of adding DTIC to this regimen has been 
unclear, since its single-agent activity is less than that of 
the other two components and it may be increasing 
toxicity without improving response. There have been 
three randomized trials of Adriamycin (A) with or 
without ifosfamide (I); EORTC, ISSG (Intergroup), and 
ECOG (Table 3. 1). 4446 The ECOG and ISSG studies both 
showed a significant increase in response rate for the AI 
regimen. However, in all three studies there was 
significantly more myelosuppression (including fatal 



